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PREFACE 


This is one of a series of volumes covering the field of nondestruc- 
tive testing inspection used to accomplish quality assurance operations 
in the inspection and acceptance of Army material. As a series, these 
volumes constitute the Army Materiel Command* s Regulation 715-501 on 
Nondestructive Testing Inspection, 

The purpose of this volume on Radiography is to provide Army 
Matei’iel Command quality assurance personnel with the basic principles 
underlying the radiographic inspection technique . The subject matter 
covered includes a history of the development of industrial radiography, 
the theoretical basis for radiographic inspection, sources of X- and gamma 
radiation, various types of equipment and applicable techniques, specifi- 
cations and standards, and safety, A glossary of radiographic terms is 
given to aid the x’eader, and an appendix presents an analysis of radio- 
graphic qualification procedures. It is intended that this volume serve as 
a reference in which answers may be found to the more general questions 

cone e rning the technical aspects and applications of radiographic inspec- 
tion. ox XT 


The information contained herein is presented in recognition of the 
need for increasing and enhancing the information available to engineer- 
ing and inspection personnel so they imay better pe inform their assigned 
duties, It is hoped that such personnel will be stimulated by this publica- 
tion to seek further information in more extensive works on the subject, 

^ Appreciation is extended to the following for permission to use textual 
information and/or illustrations: 

The Budd Company 

E, I. duPont de Nemours & Company, Inc, 

General Electric Company 
Eastman Kodak Company 
Picker X-Ray Corporation 
Victoreen Instrument Company 
Westinghouse Electric Corporation 
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CHAPTER I 
INTRODUCTION 


Section I. PURPOSE AND SCOPE 

1. PURPOSE 

ihis namohlet is to provide technical guidance to 
The purpose o£ this pampliici is 1 . | inspection per 

Armv Materiel Command (AMC) cnginceiix g 
fhe field of radiographic inspection. 


to U. S. 
sonnel in 


2. SCOPE 

n, This is one of a series ^jotLttr^vf t":^;- 

tivcTtesting which, as a 

ing Inspection Regulation, AMCR 71 o-oOl. 

b , This pamphlet contains inspection pe r sonnel 

in overall scope and de ail P^"^ Lchniques using radiographic 

Section II. HIST. ORY 


3. GENERAL 

a. X-rays were 

Roentgen, a professor of physic f olectrical discharges 

Germany. type of radiation. He called 

through rcuxfiocl > peculiar and unknown nature, 

it X- radiation because oi its iioc 



when the high voltag 

trating powlr were -Pf “p". ' Saroxceptionally 

used then produced veiy J: , g- ^ today's industrial type X-ray 

long exposure times ^rly radiographer was forced to 

films were unknown at that lime, y ... . i . j j.i-„ 

use ordinary 
favorably to 
tarded the development 
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4. DEVELOPMENT OF RADIOGRAPHIC INSPECTION 

a. The development of radiographic inspection was accelerated whim 
m 1912, Dr. William D. Coolidge, an Americcin physicist, porfoeted a ’ 
new type of X-ray tube which could operate at higher voltages and carry 
more current than previous tubes. This resulted in X-radiation of 
greater intensity and penetrating power. Although radiography was u.sed 
to some extent during World War I for various inspection inirnoses it 
was not until the 1920's that its potential as a practical nondestructWe 
testing method for industrial applications was proven, 

b. In 1922, radiographic equipment using a Coolidge tube caoable of 
operating at 20, 000 volta (20 kv) with a current ot 5 maiia, Is (.0 ,",i) 
was installed at the Army Ordnance Arsenal at Watertown. Ma.ss. ^ 

1 . • installation of this equipment, pioneer cffort.s were 

Afte? accompli.shments in industrial radiography 

After carefully completing evaluation studie.s of this new 20 kv equipment 
Watertown Arsenal engineers and physicists found that up to three inidu 's 
tisfs "■'''^‘Wfacturing conditions. These 

^ofglngs Tnd ea:tingt 

f’aoT* foundries rely heavily upon radiography to inspeef 

radiography ai an inspection 

defects. If discovered at all. were not found until the machininu , h- s 

TodS/Th^tr’T' in ^ loss of time, material, and money 

na lU- r foundryman and radiographer work hand- in- hand When a 

Itll 1^®. cast, a pilot casting procedure is set up, and the part i.s 

chang^^ 

Es 

number of castings selected at random out of a given lot ‘ 

boilers^ald^other^essei^sub?^^^^^ standards were established for 

X-ra.nr,rr r^f ^‘'^vesseJ.s subjeclto severe pressures. Eventually 

L^^CoVl practiclr I^'l932. 

and 8 ma, became ava Sble A continuously at 300 kv 

with 1, 000 kv tube ratines became advanced. X-ray equipment 

of the Van de Graaff generator and^^tai clevelopment 

designed. Today X-^r ay units callerl r^°”’ volt units were 

up to 100 millionwolts. ^ ' called linear accelerators, have ratings 

mant of £U„,less radTogSpMc Ce"hn?a «''= “"P^ovo- 

ography, television, etc. ) . ( • g- f fluoroscopy, xeroradi- 
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f. A history of i*adiography would be incoini)li,( wh iio.ii 
sources of radiant energy other than the X- ray (;ul)i‘ |j-, r '‘M 

source. It occurs in nature and is used a.s a sourciV Cn,.' ' 
ography. Other sources are radioactive isotope.s of cer/tin 
They were first produced in the late liT'Kl's in a rvclol ‘ 

quantities and at great expense. With the advent of (he il'. *'• 
these isotopes could be produced in greater quantiti ‘ ^’<^*lc:tur, 

to the field of gamma radiography by placing this^,,soerr '"'ix'lim 

the reach of all industries ion ni(‘tlK),] within 
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CHAPTER 2 

PRINCIPLES AND FUNDAMENTALS OF RADIOGRAPHY 


Section I. PRINCIPLES OF RADIOGRAPHY 

5 . GENERAL 

X- and gamma radiations have the ability to penetrate material that is 
opaque to visible light. During passage through material these radiation 
are absorbed to varying degrees, dependent upon the density and the 
atomic number of the material, This differential absorption phenomenor 
is used to render information which is recorded or imaged upon a film. 

6. CONCEPTS 

a. X- and gamma radiations, because of their unique ability to 
penetrate material and disclose discontinuities, have been applied to the 
radiographic inspection of castings, welds, metal fabrications, and non- 
metallic products. Radiography has proven a successful tool with which 
to implement quality control at all of its various stages. Process contn 
is one of the areas wherein radiography has been widely applied. The 
use of radiography to assist in the development of products and systems 
prior to production has resulted in considerable savings in time and cos' 

b. The three major steps concerned in this method of inspection are 

(1) Exposure of the material to X- or gamma radiation, including 
preparation for exposure. 

(2) Processing of the film. 

(3) Interpretation of the radiograph. 

c. Figure 2 is a diagram of a radiographic exposure showing the 
fundamental elements of the system. The penetrating radiation passes 
through the object and produces an invisible or latent image in the 
When processed, the film becomes a radiograph or shadow picture of th 
object Since more radiation passes through the object where the sectic 
is thin, or where there is a space or void, the corresponding areas on 
the film are darker, The radiograph is read by comparing it with the 
known or intended design of the object and noting either the simi an les 
or differences. 
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7 . ECONOMICS 

a. Radiographic inspection is superior to other methods in a number 
of applications. It is one of the nondestructive testing methods and 
provides a permanent visual representation of the interior of the test 
object. The application of radiographic inspection as a quality control 
procedure can conserve time and matei'ials as follows; 

(1) Reveals the nature of a material without alteration, damage, 
or destruction to the material, and can be used to separate 
acceptable from unacceptable units after standards for 
acceptance have been established. 

(2) Discloses errors in the manufacturing procedure relative to 
process control in sufficient detail to indicate necessary 
corrective action. 

(3) Discloses structural unsoundness, assembly errors, and 
mechanical malfunctions, thereby reducing the unknown or 
variable factors in a design during the development phase. 

It is useful in preventative maintenance and failure analysis. 

b. Industrial X-ray film costs, plus the handling and processing 
expense, are relatively high in comparison to other inspection methods. 
Radiography of material which is small, easily handled, of simple ^ 
geometry, and which otherwise lends itself to high rates of inspection, 
can be accomplished economically, Large items, complex geometries, 
material which is difficult to handle, or cases where the radiographic 
equipment need be brought to the material, are all factors which increase 
costs of inspection substantially. To illustrate; the cost of radiographic 
inspection of small metal components oi- assemblies such as small 
electron tubes, relays, etc. , can be held to a low percentage of the value 
of the material; on the other hand, cost of complete inspection of critical 
metal parts or the preventative maintenance inspection of an assembly 
can sometimes exceed the cost of the material, 

c. The successful application of radiography, from an economic 
viewpoint, lies in timely development studies and in-process control 
followed by the wise use of spot-check and statistical sampling measures. 
Of course, the cost of inspection is incidental to a cost in lives, money 
and time when failure of a material or component could cause the loss of 
a major item and result in a catastrophe. 

8. LIMITATIONS 

a. Radiographic inspection has several inherent limitations . The 
nature of the method wherein radiation traveling in straight lines from 
a source must intercept a film at nearly right angles, precludes the 
efficient examination of some items which have complex geometries . 
These conditions can occur under such circumstances that the film can- 
not be properly oriented or, if properly oriented, will be subject to the 
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adverse effects of scattered i-adiation or image distortion. It is often 
desired to determine a specific condition in a location which is surround- 
ed by component material or items. Successful radiography, in these 
instances, could be impossible because of the confusion created by super- 
imposed images. 


The information depicted in a I’adiograph is obtained by virtue of 
density differences brought about by differential absorption of the radia- 
tion. These density differences, unless gross in nature, must be 
oriented almost parallel to the direction in which the radiation is travel- 
ing. Discontinuities of small volume, such as laminar type flaws, will 
often be undetected because they do not present a sufficient density dif- 
ferential to the radiation. Fortunately, this limitation is countered to 
some extent since the probable orientation of fractures can be approxi- 
mately predicted and the radiographic set-up oriented accordingly. 


c. The very nature of laminations precludes their ready detection 
and radiographic inspection is seldom used to locate this type of flaw.' 
Penetrating radiation is absorbed in direct proportion to the thickness of 
rnaterial. As material thickness is increased, the time required to 
obtain sufficient information on the film also increases. For a given 
energy {penetrating power) of X- or gamma radiation, there exists an 
economic maximum thickness beyond which radiography is not feasible. 

If the cost is warranted, radiographic equipment of higher energy potential 
could b, obtained. Such coats increase markedly becattee of the barn-lot a 

from the harmful effects of the radiation 

Is well as the basic cost of larger equipment , 


Section II FUNDAMENTALS OF X- AND GAMMA RADIATION 
3. CHARACTERISTICS OF X- AND GAMMA RAYS 

c pnima rays are forms of electromagnetic radiation i « 

are visible light ultraviolet light, infrared waves,^acio wavfs anct 

3p=5ur“The“:^et-ib:?2b"? : :\rcrnra|re^ :^fLn 

(1 X = 1/1000 i if iV gamma rays in X units 

in the electromagnetfc spectrum^ e position of X- and gamma rays 

somewhat controferar^Jt'wa^Vir^s^^c^nard?^^^^^^ 

of energy or ,uanL. VaUd rrg"a ’eStl" to'th 

nature la considered to be prelent. theories, and dual 

theTr ahort watSeZhT® “f X- and gamma rays are 

wavelengths. The penetrating power, or energy, is dependent 
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FIGURE 4 


ELECTRON CLOUD AROUND HOT BODY 




AMCR 715-501 
Volume 1 


upon the wavelength in an inverse relationship; i. e. , the shorter tlie 
wavelength the higher the energy^ and the longer the wivvelength the 
Wnf ^ ^'^ergy. The wavelength of X- and gamma rays may bo only 
wa wavelength of visible light. It is these short 

wavelengths that are responsible for many of the unusual properties of 
A- and gamma rays. 

10. PRODUCTION OF X-RADIATION 

sti-'^ck • ^'^s^diation is produced when some form of matter is 

tron Th ^ I'^pidly moving, negatively charged particle called an (>1(!C- 
nree basic requirements must be met to produce thi.s condition; 

(1) A source of electrons. 

(2) A means of directing and accelerating the elcctroius. 

(3) A target for the electrons to bombard, 

some t material i.s heated sufficiently. 

temperature rrseiTat ^h. as the ^ 

material and surround it literally boil off or escape from tiu; 

urround it in the form of a cloud (fig. 4). 

This, cloud of cl,.cc,.„.,« 

action or force pulls it awL vLl material unless .some extmmal 

second step in prodlfnrxYrav? T, of thc«c olectronn is the 

he repelling and attracting foYe^ci • movement is brought about l>y 
fundamental law of elertm^t V^ inherent in electrical charges 'Du* 
other and unlike cha^f. like charges repel each 

u'ucld" torie However, w„ is, c;,„c„r,„,,l 

another force to mo^ thf Sro^l, t 

• It IS iniDortanf froiTi one to 

mnleriai rel.. ®'‘- dl“tuihen^ '=‘Mtro„e 

duced reirdieee'”® 'f '^i^tions known as X-ravr’'' 

Hossid ‘he state of material bomhs. 7 v X-raya are pro- 

the target The ‘he X-ray tube a '‘'.hether it be a 

higher the efficienr^ atomic number of the uaecl for 

percentage of ^-■'‘‘y produetTon Unfa "'“‘erial, the 

radiation' rre"ey‘>'hUabl. ‘n the .le“"ron “ “™hU 

be dissipated h energy is convert«^ converted 

Pated by the target material. k^at which 


in 
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a. Natural Sources of Gamma Rays, Many atoms exhibit a property- 
called radioactivity which is a phenomenon of spontaneous atomic dis- 
integration. This disintegration is believed to be caused by the instability 
of, the structure of the atom under the action of the complex internal elec- 
tric, magnetic, and gravitational forces. Radium is one of the elements 
with a natural unbalance that releases energy in the form of gamma rays 
to satisfy this unbalanced condition. In addition to the gamma rays, some 
alpha particles (helium atoms) and beta particles are emitted, but the 
gamma particles are more penetrating. The energy released is spon- 
taneous and is a result of forces within the atom. 

b. Artificially Induced Radioisotopes . Cei'tain chemical elements 
can be rendered radioactive by subjecting them to neutron bombardment 
in an atomic pile. These elements are thus changed structurally and 
become known as isotopes of their original elements. These isotopes 
are unstable and therefore radioactive, and are termed radioisotopes. 
Their instability is characterized by their disintegration and the resultant 
emission of particles of matter and gamma rays. Hence, the radioisotope 
used in industinal radiography are basically elements which, through a 
change brought about by neutron bombardment, have become sources of 
gamma radiation. The most common radioisotopes currently in use in 
industry are derived from the elements cobalt, cesium, iridium and 
thulium, and are referred to as Cobalt 60, Cesium 137, Iridium 192 and 
Thulium 170. The numerical designation is indicative of the weight of 
one atom of the particular radioisotope and is useful in differentiating it 
from other isotopes of the same element or the parent element itself. 

For example, the cobalt atom in the normal stable state has an atomic 
weight of 59; i. e. , it is 59 times heavier than an atom of hydrogen, The 
same atom upon capture of a neutron during neutron bombardment in- 
creases in wight to 60. Therefore the radioactive form of cobalt is 
designated as Cobalt 60. 

12. RADIATION INTENSITY 

.£:■ General . Once X-rays have been generated or a source of gamma 
rays obtained, the intensity (the quantity or number of rays available 
during a specific period of time) must be determined. This factoi’ is 
important because the time required to make a radiographic exposure 
is relative directly to the radiation intensity, 

h. Intensity of X-Ray Generation . The intensity of X-rays produced 
in an XT-ray tube by the coXlision of the electrons with the target is 
directly proportional to the tube current and is, in general, a function 
of the voltage raised to a power greater than 2. 5, The efficiency of 
X-ray production is quite Low at low voltages as demonstrated by the 
following relationship: 


E (approx) = 

10 , 000 , 000 
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where: E = efficiency in ijercent 


Z = atomic number of target material 
V = tube voltage 

Therefore, the higher the atomic number and the tube voltauc tlu* 
greater the efficiency of X-ray output. It can be seen from this approxi 
mate forrnula that even at 300, 000 volts the efficiency of X-ray prod , - 

IT r This means that 97 percent of the input 

energy to the tube is dissipated as heat. The measure of radiation 
emission from an X-ray tube is stated in roentgens at a fixed r is nmn 
for an established period of time. For convenionc;, the curl;!;, 
hiough the tube is referred to as the output of the X-ray marliino ^ 

Because this current flow is directly proportional to tlie raclia'lion'c.nris- 

and^thp “sed as one of the exposure constants for a given macliim 

and the intensity is often stated in milli- or microamperes 

case of artificially induced radioisotooeT^^Tf ' ’ naturii; in the 

the extent of neutJon bombardment, Activitv is^“^ flotcrmined by 
curie equals 3 7 x 10 /. y ineasurocl in tMirinw {om^ 

radia.io"„ is a'dL:cffa„ctoro?;hi“::riv‘iw 

of cobalt 60 etnlts 1 . 35 t-hm; o„o ouHo'of ^.idlr.n o': 50 


S'»pl' d&'lt with t nton7ity^as?lWc°iQnL^tr‘‘’” ' i-'*',"*’ para- 

Intensity of radiation emLsion a, o f? , “/ .•lotivlly, 

which is*^ important wit”^s;°ct to inZ riol "r" “ 

activity there could be a relativelv ^ ^ I'adiography . .For a given 

only part of the basic eremen co X,!^ ®? .““''f f-""" ""’‘p'' 

be a small, concentrated source wherrne°arly' iu“of 

IS converted. The smallpi* e ncaixy all of the basic elenient 

be best suited for radiographic purposes^^ activity woul 

of a radioactive source is termctl v' degree of concentratio 

curies per gram or per oulXXL.S^X *" 

to the same-VSTue of emissTlriiiH]^' tube can be actu 

microamperes of electric currlntJ rl. milli- or 

This is possible because in each over periods of yei 

each mstance energy is supplied from the 


n 



iXXsT?*'"'; ,^>-uined but not replenis 

SO »burLXsTciXXX‘to‘'rval““of'‘uX“’“®’ ‘“““‘i-ubi a Cobt 
-ce Of one meter, the rudS“ als 1 X 5 ' rott“L“S^^„f Xout 
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»ixty-four months (5. 3 years) later, this same source has an activity of 
mly 5 curies and emits only 6.7 5 roentgens per hour at one meter. The 
source has thus reached the point where one half of its strength has been 
lissipated. The time required to reach this condition is termed half- 
ife. All radioisotopes have characteristic half-lives which differ in 
ength depending upon the element. The half-life of a gamma source is 
ised to determine the intensity of emission of the source at any time 
jased upon its age. Dated decay curves are usually supplied with each 
source , 

f. Intensity Versus Distance (Inverse Square Law ). All reference 
:o Fadiation intensity should be cited in conjunction with a specific dis- 
:ance from the source. Such reference to distance is essential because 
:he intensity diminishes as the square of the distance. Briefly stated, 
if the distance from a given source is doubled, the quantity of radiation 
Ls required to cover four times the original area, and the intensity is 
therefore reduced to one fourth the original value. Conversely, by re- 
ducing the original distance by one half, then the amount of radiation 
present will be increased by four times the original value. ^ Because 
intensity changes with the square of the distance, the relationship is 
termed the ’‘Inverse Square Law” and this law is used extensively in com- 
puting industrial radiographic exposures. Expression of the inverse 
square law in terms of mathematics is as follows: The difference between, 
the radiation intensities {li and I 2 ) located at two different distances 
(D| and D 2 ) from a given source is equal to the inverse difference between 
the squared values of these distances. That is: 


11 (D2>^ 

12 (Di)^ 


Figure 5 is a diagrammatic representation of the inverse square law in 

operation. 

13. RADIATION QUALITY 

a General The quality of X- or gamma rays is often referred to as 
the~energy, wavelength, or penetrating power. The quality of the im 
radiant emission is established at the time it is genera e 

h Oiinlitv of an X-ray Beam. The radiation from an X-ray tube is 
a hfeerogeneLs spectrum ol C^velengths . The minimum 
angst°™sa^ = 10-8 cms) generated in this spectrum rs equal to 12. 395 

divided by the tube voltage: 

12,395 


X min = 


V 
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where: X = wavelength in angstroms (A) 

V = volts 

Changing the X-ray voltage changes the minimum wavelength produced 
in the spectrum. The wavelengths of maximum intensity are produced 
at the voltage which is approximately two-thirds of the highest voltage 
used. Figure 6 illustrates the relationship between the voltage applied 
to an X-ray tube to accelerate the electrons and the penetrating power of 
the X-rays, Figure 7 illustrates the distribution of the quantity (intensity) 
of X rays emitted in relation to the applied voltage. Note that increasing 
the intensity of X-rays (X-ray tube current) at a given maximum applied 
voltage raises the output curve but does not change its shape (distribution). 
Figure 8, on the other hand, illustrates the effect of increasing the maximum 
applied voltage. Note here that the penetrating ability increases (wave- 
lengths become shorter) and the intensity of the radiation increases. 

c. Quality of a Gamma Ray Beam . The quality of the radiation 
obtiiined from a radioisotope source is a characteristic of the element 
involved and is a constant. For example. Cobalt 60 emits only radiation 
of two specific wavelengths, 1. 17 mev and 1, 33 mev. Table I lists the 
isotopes commonly used in industrial radiography and the quality of their 
emission, 

14. RADIATION ABSORPTION 

a. General. The absorption by an interaction with matter is identical 
forlDOth X- and gamma rays. The following paragraphs discuss absorp- 
tion with regard to X-rays only. 

b. Absorption, When X-rays strike matter, they are absorbed. The^ 
amount of radiation absorbed depends on wavelength of radiation, the kind 
and number of atoms in the absorbing medium, and its thickness. For 
monochi’ omatic radiation, i.e., radiation of one wavelength, and for a 
homogeneous absorber, such as a sheet of pure copper, the fundamental 
law of absorption is expressed by this exponential formula: 

I = I e'-Md 

o 

where: I = intensity of X-ray beam after emergence from absorber 
Iq= intensity of X-ray beam falling on absorber 
(j, = linear absorption coefficient 
d = absorber thickness in centimeters 
e = 2.718, base of the natural system of logarithms 
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FIGURE 7. DISTRIBUTION OF RADIATION FROM AN X - RA'i: 



IGURE 8. 


effect of INCREASING VOLTAGE ON THE OU/ 
AND INTENSITY OF AN X - RAY BEAM 
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Table I. QUALITY OF ISOTOPE EMISSION 


Isotope 

Gamma Emis 

sion Energy 


W avelengths 

mev 

Cobalt 60 

2 

1.17 - 1.33 

Cesium 137 

1 

0. 662 

Iridium 192 

3 

0. 296 - 0.316 - 0.468 

Thulium 170 

1 

0. 0842 

Radium 226 


0.7 - 0.8 (range) 


Linear Absorption Coefficient. The linear absorption cofficient 
is the same for various thicknesses of absorbing materials as long as 
homogeneous radiation is used. However^ X-ray beams used in radi- 
ography are conaposed of many wavelengths. It is possible to measure 
the radiation intensity falling on and emerging from an absorber for a 
heterogeneous beam, and to use the formula to calculate a coefficient of 
absorption " jU The value thus obtained, however, will be an average 
coefficient of absorption dependent on all the factors of the absorption 
phenomena. This absorption coefficient value will naturally change with 
increased thickness of the absorber because the beam changes. 


d. Factors That Determine the Mass Absorption Coefficient . The 
ma'ss absorption coefficient ''K'' for any substance in a constant depends 
upon the state of matter, whether solid, liquid, or gaseous. Therefore, 
the mass absorption coefficient is equal to the linear absorption coef- 
ficient divided by the density or specific gravity. 



where: K = mass absorption coefficient 
fj, - linear absorption coefficient 
p = density in grams/centimeter 


As a result, the intensity of an X-ray beam is not decreased as much 
by traversing one centimeter of steam as it is by passing through^one^ 
centimeter of water. However, the linear absorption coefficient fx 
divided by the density of the substance is the same regardless of the 
physical or chemical state. 


e General Absorption Formula. The X-ray absorption of a sub- 
stance in any state t or a given X-Tiy wavelength is given by the ratio 
This ratio, known as the mass absorption coefficient is the fraction o 
the intensity lost per unit mass thickness. Since K - M/P . 


p/p . 
f 
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M = K p . Substituting for jU in the exponential expression I = 
the fundamental law of absorption then becomes 


I = 


I e-'"Pd 


Mass absorption coefficient values { fJ, / p ) for various wavelengths or 
radiation can be found in handbooks of chemistry and physics. 

£• Interaction of X-Rays and Matter . Since X-radiation may be con- 
side re 3'’as~parHcTe¥7photonsyTraweIing an electromagnetic path, there 
is an interaction between these particles and the atomic structure of the 
material through which it travels. The spaces between the nucleus and 
electrons of the atom are great in comparison to the space occuipied by 
the particles themselves. Therefore, X-ray photons entering this matter 
will find paths of least opposition or interference as well as colU.sion 
paths. Materials having low density have the greatest open spaces in 
the atom, while materials of higher density have less open spaces in the 
atom and offer a greater possible chance of collision between X-radia- 
tion photons traveling through the materials and the particles of the 
atom. This interaction between the atom and the X-radiation results in 
the absorption process which permits radiographic inspection of material 
by recording the radiation transmitted on a suitable film. In general 
this absorption process follows the general absorption formula stated in 
the preceding paragraph. 


nation of Radiation. The energies involved in the collision 
and interaction of the X-radiation passing through the atomic structure 
results in a generation of radiation which is called scattered or secondary 

Thirsp^iV'^'^® ""T® primary source or generator. 

iMs produced^ radiation is classified by the three processes by which 


^bsorption is due to the scattering and absorp- 
on of X-iay photons by the extra nuclear electrons of the 
specirnen This type of absorption is approxiinately propor- 

wkhin^r^a^ atomic number and falls off rapiky 

kilovoltage. Photoelectric absorption is ai- 
^ by the emission of the characteristic soft X-ray 
Spectrum, of the absorbing material, ^ 

'taflocted 

by an electron with an increase in wavelength. 


( 3 ) 


of absorption, known as pair formation, occurs 

Taiv photon IS transformed into a positron-electron 

1 000 kv (1 kilovoLges above 

voltage increasing kilo- 

very Wgh voltales^^ J"/®® absorption coefficient at 

very high voltages. It la because of this rise in absorption 
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coefficient that 10 atid 20-million volt betatrons are superior 
to 100-million- volt units for penetrating thick steel sections. 

h. Scattered Radiation. Figure 9 indicates the complexity of the 
abs'orption and scattei’ing”" of radiation. Because of these characteristics, 
any material submitted to. the radiation field will, in turn, generate more 
radiation. This radiation is not image forming; instead, it reduces 
sensitivity of radiographic inspection and usually results in a foggy ap- 
pearance in the radiograph since it tends to obscure the image. Filters, 
diaphragms, grids, masks and other radiation blocking devices are 
utilized to minimize this undesirable effect. Any material in the beam, 
whether specimen, cassette, table, walls, or floor receiving direct 
radiation is a source of scattered i-adiation. Unless suitable measures 
are used to reduce the effects of scatter, this secondary radiation will 
cause a haziness or fog over the whole image or part of it, thus reducing 
radiographic qvxality. 

i. Variation of Absorption Coefficient with Wavelength . The varia- ^ 
tioiT of absorption coefficient with wavelength provides an easy means of 
reducing the proportion of soft rays in an X-ray beam. This is accomp- 
lished by passing the X-ray beana through a convenient thickness of a 
filtering material such as aluminum, copper, or lead. The softer com- 
ponents of the beam are almost eliminated, while the hard radiation is 
reduced only 50 percent or less depending on the thickness of the filter. 
The soft radiation is generally undesirable because it does not penetrate 
the specimen to help form the X-ray image, but it is very active in pro- 
ducing a type of scatter undercut. Figure 10 shows schematically the 
effect of a filter on the quality of an X-ray beam. 
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CHAPTER 3 

RADIOGRAPHIC EQUIPMENT 


Section I, X-RAY EQUIPMENT DESIGN 

15. GENERAL 

It has already been shown that the three basic requirements for the gen- 
eration of X-rays are: a source of electrons; an accelerating potential; 
and a material which will absorb the electrons and convert their energy 
to X-radiation. Modern X-ray equipment is the result of the development 
of these three basic elements of equipnaent design. The purpose of this 
section is to furnish the reader with general information on X-ray equip- 
ment design by examining this progressive development. 

16. ELECTRON SOURCE AND ACCELERATING POTENTIAL 

a. General. Prior to 1912, the intervening period between the dis- 
co we ry“oI%ai~X- ray and the development of the incandescent cathode, 
X-rays were produced in gas-filled tubes . The process involved split- 
ting gas molecules into ions and electrons with the application of high 
voltage. The resulting positive ions were drawn to the negative cathode 
and the electrons were set free by the ionic bombardment of the cathode. 
The electrons were then accelerated toward the anode (target), and X- 
radiation was produced by their absorption at the anode. The cathode 
usually consisted of an aluminum rod with a cup- shaped end which tended 
to focus the emitted electrons toward the anode, The electron supply, 
and thus the X-ray emission, was contingent upon the gas content of 
the tube. Provision was made to inject gas into the tube automatically. 
However, the intensity of the X-ray emission was highly erratic. Fur- 
ther, the presence of gas in the tube limited the voltages which could 
be applied because of the tendency of arc-over (breakdown) between 
cathode and anode. Thus, the wavelength of the X-rays was long and 
they had little penetrating power. From the standpoint of industrial 
radiography, the early gas-filled tube was inadequate. However, it 
should be pointed out that immense scientific strides were accomplished 
in the fields of material structure research by diffraction, fundamental 
studies of X-ray spectra, and the interaction of radiation with matter. 
Without this early effort, a foundation for the development of modern 
X-ray equipment would not have been available. The development by 
Coolidge of the incandescent cathode (heated metallic filament after 
Edison) was a major contribution to the improvement of X-ray equip- 
ment. The importance and basic nature of this development is sub- 
stantiated by the fact that all modern X-ray equipment still uses this 
form of electron source. Figure 11 is a schematic illustration of the 
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early type Coolidge tube. Most modern tubes are refinenaents of this 
early type. Such refinements have been directed toward more coii.si.>:jtent 
emission, longer life, and more efficient shaping and focusing of the 
electron beam, ^iso, the incandescent cathode required an evacuated 
(vacuum) tube to prevent oxidation or burning of the heated filament. 

This vacuum feature allowed the application of high accelci rating 
potentials. 


b. Accelerating Potential . 

(1) Static induction machines and induction coils operating on 
direct current with interrupters were used to obtain the 
accelerating potential for early X-ray equipment. Storage 
battery systems capable of supplying 100 kv were developed 
and effectively used. These power sources had certain ad- 
vantages such as consistency of the applied voltage; how- 
ever, they were costly, bulky, and dangerous . 

(2) Recognition of these drawbacks lead to a search for le.s.^) 
expensive, more compact and safer equipment. Tlie iron- 
core transformer fulfilled these needs. Howevoi*, this d< 5 - 
vice applied an alternating potential to the X-ray tube 

.the tube anode would become heated and 
whin which would be accelerated to the cathod<i 

when the reverse potential cycle from the transformer was 
applied across the tube. The result was a secoiad and un- 

tlZt the early destru^tton of the 

were costly, ^ the mechanical features 

«r7tSnlSmer 

tlala „p ,o about 500 kv TfL loV 

and weight of the iron cor^tranlfn . hv, the si/.e 

Recognition of this limitation led^ tTthl Prohibitive . 

resonant type transformer as in figlre 
type transformer does not have an^ill resonant- 

core of this transformer is placticlirn^'n^"’ ^"«tead, the 
IS similar to the "tank" coil Led 

X-rays, however, the high-voltage m 

to resonate at aLelativel, inulticoil secondary is 
to 200 cycles per second. This 

^ 4 ^The"'" 
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FIGURE 11. COOLIDGE TYPE X-RAY TUBE (SCHEMATIC) 


HIGH TENSION SYSTEM INCLOSED IN OIL FILLED HOUSING 



FIGURE 12. SIMPLE RECTIFIED CIRCUIT FOR X - RAY MACHINE 
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X-^ray tube is located in the central axis of the transformer 
where voltage gradients and fields are almost ideal* In 
addition, gas insulation is used. 

(4) X-ray units which contain resonant type transformers are 
very useful but do have some drawbacks. Although the 
unit may be rated at 1, 000 kvp, the actual radiation spec- 
trum is broad and contains a large amount of radiation 
developed at energies much lower then this peak value. The 
fluctuation of exciting potential varies the velocity of the 
accelerated electrons and creates a focusing problem. This 
results in a focal spot larger than optimum. A smaller 
source size and a more coherent X-ray spectrum was 
achieved with the development of an effective electrostatic 
generator. 

(5) The buildup of voltage by the electrostatic generator em- 
bodies two fundamental ideas: a conducting sphere will 
accept any available charge regardless of its own voltage, 
and the discharge of electricity will readily occur at pointed 
objects. As shown in figure 14, a non-conducting charging 
belt is driven by two motor-driven pulleys. As the belt 
passes the charging point, electrons pass from the point to 
the belt. This negative charge is carried upward where it 
is transferred to the corona cap at the corona point. The 
voltage which builds up is used to accelerate electrons 
supplied by a filament, A focusing coil controls the elec- 
tron beam and focuses it on the anode. The equipotential 
plates are used to distribute the high voltage evenly on the 
X-ray tube. In actual practice, the generator is enclosed 
in a gastight chamber under pressure to minimize leakage 
of the high voltage. This type of design is used for vol- 
tages from 500 to 6, 000 kvp. 


AMCR 715-501 
Volume 1 



figure 14. DIAGRAM OF ELECTROSTATIC GENERA T 
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to increase, and are accelerated by the voltage induced by the 
increase in the rnagnetic field (fig. 16). The electrons travel 
in a circular path inside the doughnut, increasing their energy 
on each lap. The electrons will circle through the "doughnut" 
many thousands of times in one cycle. When the field strength 
is no longer increasing and is about to decrease, the electrons 
are ejected by applying a pulse of current in an auxiliary coil 
to alter the magnetic field. The high-energy electrons are 
directed to the target and produce X-rays. 

(7) Because the betatron utilizes a magnetic induction system, 
the physical size of the components is directly related to 
the electron velocities which can be obtained. To avoid 
this weight- size- velocity problem, a synchronized radio- 
frequency field system was developed to accelerate elec- 
trons. This device was named the synchrotron and is 
similar in operation to the betatron except for the nature of 
the induced field. The synchrotron permits the generation 
of higher energy X-rays than does a betatron of the same 
gross weight. This advantage is especially notable above 
the 50 mev range. Because these energy levels are higher 
than those noi*mally considered of interest in industrial 
radiography, the synchrotron is used mainly for materials 
and physics research. Both the betatron and the synchro- 
tron have one disadvantage which detracts from their wider 
application. The equipment and the insti’umentation re- 
quired to effect synchronized operation is extensive and 
complex. To overcome this deterrent, a simpler high 
velocity electi'on accelerating system was adapted for in- 
dustrial radiography. This device, a linear accelerator, 
uses a straight length of wave guide tubing. Radiofrequency 
energy is coupled with this wave guide to accelerate the 
electrons which are injected into the system onto a target 
in a manner similar to that used for the betatron and synchro- 
tron. The electron velocity attained in a linear accelerator 
is a related function of the length of the wave guide. Theo- 
retically, infinitely high electron velocity might be obtained 
with very long tubes. Practically, the length of wave guide 
required to attain electron velocities equivalent to values 
used in industrial radiography is a matter of several meters. 

17. X-RAY SOURCE (TARGET) 

a. The third essential part of an X-ray tube is the target which 
absorbs the high velocity electrons and converts their kinetic energy 
to X-radiation. Three factors are involved in the design of the target; 
heat dissipation, the shape of the emitted X-ray beam, and the quantity 
of the X-radiation produced. 

b. Early X-ray tubes used targets of molybdenum or tungsten 
positioned at a small angle to the cathode to project the X-ray beam as 


27 



AMCR 715-501 
Volume 1 


FIGURE 16. 


FIGURE 17. 
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FIGURE 19. PROTECTIVE TUBE HEADS 




■ AMCR 715-501 
Vol'ume 1 


shown in figure 17. The targcits Wivre iml I'otileil anil would Ina onn' 
white hot during operation. To avoid niellioj' llie larni'i, ii wa;; nec(‘K.sar 
to disperse the electrons over a wich; area ol Ihe lat-jM-i. lliii.s rei lui rinv 
large source sizes. Target diisign liaa; evolved Ihrongli (he devedop- ^ 
ment of massive copper heat absorixirfi .uni rol.il iio; anodea to (lie pre- 
sent day system of liquid or ga.s cooling. 'I'he imed e|(i, ien( eleei.ron 
energy conversion is accoinplifdied by using inelals ot (di-h .Kotnie 
numbers for target material, Ih’ior to lorei'd eiiolinr, syslcnis Inngfiten 
was the compromise between conver.sjon elTieiem y and bij-h ;i( reni'lb 
at high temperature. Modern X-ray e(|ni|>i neni n.ses (nngslen, gold 
and platinum. The shape of the; X-ray beam emitleil i rom (be (a ri'el,' 
has been the subject of coiisidtvralile devidopni.-nl . As .'a, on .is ( be' heat 
dissipation problem was solved, it was lonnd possible (o eioisl rnel linn 
targets which would emit X-ray.s in tlu> I'orwa rd direrlion (l ransndited 

beam) as well as to the sides (reflect. Hy seleeteil piodtioninr 

of the target within the tube strnctnrt!, almost any beam conf'i ,;u rai ion " 
could be obtained to Hiiit a variety of a|>|)li(‘ai iuus (li,;. |}j), To n^rAvict 
the actual radiation deve.lot)ed in the target to its elfeetive l.e.im il is 

common design practice to place thick brad al.soriM.rs or .1 ia,,h r arms 
around the tube fig, 19 ) "apniagms 


lit 
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Section II. GAMMA RAY .MQlirPMMNT DlASK ilM 

18. GENERAL 

oro^ide^''^mT ray equipment design serves two hasie lunetions. K 
provides (1) a ladiation-sale .storaae canilainer ■ooi tvi , , 

the remote handling of " 

upon the t°aSs«opo'' bano'uaod ulimy.l lol.illv ouiiliMBo 

upon the desicn of tha i ‘‘‘'pendent only to small d.-gr, 

and inspection economics, ^fowever ' r<Hmkre’ P<‘n(unnM safety, 
ment. The United qinfoo Ai., • r!* i< quiit, (,llu lent and sate equip- 

that all equipment used to Htme!^ (II.SAl'lC) rmiuiiais 

are under their jurisdiction '■hiU<iim>tii|)|.,. wliicli 

aame care mu« i;”e«tJcise fdl* ."thud, unis uf n.udty. The 

not under USAEC control Tl lor vnu* witli ruduii 

in Chapter 8 of this y 

functions of equipment a^cort-ii ‘i-PP>'uoi;d.n thi! design and 

mentioned. ^ «afoty design niusd. he 

19. BASIC DESIGN FOR SAFE STORAGE 

in use, advantage^ is tak^ I'adiation when a racUoisatopt! i.s not 

mass of heavy metal lead nv P^'inciple of radiation absorption. A 
leading to its^grometric clni fabricated with a pa.ssage 

this center. amaSmu" T'!!; radioisotope is p/aced St 

maximum of protection is achieved. The amount of meta 
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used is predetermined to reduce 

r Innovations of this principle are used weight- 

;7.:srora .wr 

ai.8 specifically for the maximum of activity 

'/adfofoofo^e or Combination of radioieotopee . 

20. BASIC DESIGN FOR SAFE HANDLING 

AU radioisotopes Used in hMsing is 

- u“a“rnit:S?eL%reTsrearrd is often protected by an aluminum 
Encapsulation does the following. 

(1) Prevents abrasion of radioactive metals sue 

•n nf radioactive salts such as Cesium 137 

(2) Prevents spillage of ladioaciivc 

or Radium 226. 

n«5 TRcidori 222 m 

(3) Prevents leakage of radioactive gas such 

Radium 226. 

. i- 1 cm nv accidental mishandling. 

(4) Lessens the possibility of loss 

fnr attachment of rods and wires used for 

(5) Provides a means foi attach 

moving the source. 

Encapsulation is a-uoornpliahe^m socially eq^ P^P^^ ^ 

l-keEoE '°rErd-c:rsufo f^aEe for grave alarm. 

h. f^emoval of the a°c”o^^^^ ^=-8“ 

may be accomplished by one 

-i-'U £2 tr Q It ^^TY1 .. 
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FIGURE 20. CABLE DRIVE SOURCE HANDLING UNIT 
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cable travel within a plastic covered steel guide tube which 
both protects the assembly and permits positioning of the 
source. The container unit has either a "V" - or "S"- 
shaped passage through which the cable drive can push out 
or pull back the source. The midpoint of either passage is 
the maximum safe position. A system of flashing lights 
operated by microswitches may be used to indicate the loca- 
tion of the source capsule. Another means of showing source 
position is a length index giving the amount of cable which 
has passed through the control system. Figure 20 shows a 
typical cable drive handling unit. 

(3) Pneumatic drive handling. The use of a pneumatic drive 
affords a third means of transferring the source capsule 
from container to exposure position. Except for the method 
of propelling the capsule, the general design is very similar 
to the cable drive system. 


c. Some gamma ray equipment does not require the removal of the 
source fronri the container. Rather, a cone section of container is de- 
signed to swing away permitting the unobstructed escape of radiation. 
Actuation of the cone, both opening and closing, is accomplished from 
a safe position behind the container. 


21. GAMMA RAY BEAM CONFIGURATION 

Radioisotope handling equipment can be classified under two categories 
with respect to the configuration of the gamma ray beam. When the 
source is removed from the container and placed in a predetermined 
exposure position, the beam of radiation is emitted in a spherical 
manner. This is known as panoramic projection and is applicable to 
multiple exposures (fig. 21). If the source remains in the containei 
and gamma rays are permitted to escape through a designed opening, 
it is known as conical or directional projection. This method is used 
when it is desired to reduce the radiation hazard; when radiography is 
performed in confined quarters; or when extremely active sources are 
employed. The use of heavy metal absorbers to confine the dimensions 
of either the projected or panoramic beam is an asset to most gamma 
ray equipment. The merit of this beam restriction device stems from 
the reduction of possible radiation hazard to operating personnel and 
the improvement of radiographic quality brought about by the reduction 
of scattered radiation. 


Section III. SELECTION OF X-RAY EQUIPMENT 
22. ANALYSIS OF INSPECTION PROBLEM 

be f ccompUred thie' r'gul) 
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the exception rather than the rule. Generally, inspection I'equir ements 
fall within a field or ai'ea of interest. Also, future planned expansion 
or diversification must be considered. 

b. This type of requirement analysis also applies to the range of 
tasks to which X~ray equipment might be applied. This range can be 
usefully expressed in terms of maximum and minimum thicknesses of 
given materials or components to be inspected. Consideration must 
also be given to the size and weight of material, the steps in the pro- 
duction process where inspection is best suited, and the quantity to be 
inspected in a given time, 

c^. After outlining what items are to be inspected, it is then necessary 
to consider the types of irregularities to be encountered. The possi- 
bility of effectively and economically locating such flaws by radiography 
will conclude the analysis problem, 

d. If the analysis affii’ms that radiography is the correct inspection 
method, then effort can be turned to selecting the most suitable X-ray 
equipment, 

23. GENERAL SELECTION OF X-RAY EQUIPMENT 

A careful analysis of a I’adiographic inspection task will provide infor- 
mation that can be applied to the correct selection of X-ray equipment. 
The thicknesses and types of material to be examined will dictate the 
necessary X-ray exciting potential to achieve efficient penetration. 

The type of manufacturing facility and the bulk, weight, and qriantity 
of products will establish the equipment requirements regarding the 
kind of installation. Table 11 shows the relationship between radiation 
energy, expressed in terms of exciting potential, and material thick- 
ness (steel). Table III gives general applications for the several cate- 
gories of equipment according to voltage rating. 

24. SPECIFIC SELECTION OF X-RAY EQUIPMENT 

a. The general selection of equipment is followed by the problem of 
choosing a specific X-ray machine. This choice depends upon the 
radiographic inspection task. Within the requirements established by 
the analysis of the inspection problem, there noust be selected the 
specific machine which will perform most satisfactorily. Selection 
will be based upon five principal factors; radiation quality; radiation 
output; source size; I’ange of operation; and reliability. The last factor, 
reliability, is beyond the scope of this text. The other factors ai'e 
worthy of some elaboi'ation, 

(1) Radiation quality. The choice is made to attain the optimum 
compi’omise between the ease of penetration at higher 
energies resulting in shorter exposure times, and the greater 
absorption at lower energies which results in better 
contrast and improved radiographic quality. When selecting 
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Table II. RELATIONSHIP BETWEEN VOLTAGE 
AND STEEL THICKNESS 


Voltage 

Production Techniques 
Steel (inches) 

Laboratory Techniques 
Steel (inches) 

175 kv 

1/8-1 

1/8 - 1-1/2 

250 kv 

1/4-2 

1/8-3 

1000 kv 

1/2-4 

1/2-6 

2000 kv 

3/4 - 8 

3/4 - 10 

15 mev 

3/4 - 14 

3/4 - 18 


Table III. RELATIONSHIP BETWEEN VOLTAGE AND APPLICATION 


Voltage 

Rating 

General Application 

50 kv 

Radiography of wood, plastics, textiles, 
leather, grain; diffraction and micro - 
radiography. 

100 kv 

Radiography of light metals and alloys. 
Fluoroscopy of food stuffs, plastic parts 
and assemblies, and small light alloy 
castings. 

150 kv 

Radiography of heavy sections of light 
metals and alloys^ and of thin sections 
of steel or copper alloys » Fluoroscopy 
of light metals. 

250 kv 

Radiography of heavier sections of steel 
or copper. Fluoroscopy is not generally 
used at this voltage. 

1000-2000 kv 

Radioactive 

Isotopes 

Radiography of very heavy feri’oua and 
non-ferrous sections. 
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X-ray equipment^ it is best to obtain a unit which will emit 
a radiation spectrum containing a large portion of the short 
wavelengths indicative of the maximum or peak exciting 
potential. With such a unit, it is still possible to operate at 
the lower energies to get the longer wavelength X-rays which 
improve radiographic contrast. However, if the unit does 
not deliver a good quantity of the more penetrating X-rays 
indicated by the peak potential rating, the only way to reduce 
the exposure time is to obtain other equipment of higher 
exciting potential. To assess the quality of an X-ray source, 
we must know the characteristic half- value layer which it 
produces. The half-value layer is that thickness of a given 
material which will reduce the emitted radiation to one-half 
the incident amount. When comparing two X-ray machines 
which are generally equal in design, the machine which pro- 
duces the larger half-value thickness in a given material is 
the most efficient, 

(2) Radiation output . The conversion of electrons into X-rays is 
an inefficient process. Over 90 percent of the power con- 
sumed by an X-ray machine is wasted in the production and 
dissipation of heat. This heat problem is a most significant 
economic factor in the design and construction of X-ray 
equipment and is directly related to the X-ray output. To 
reduce heat, the X-ray output is often curtailed. A second 
factor which inflixcnces the X-r*ay output is the effective 
potential applied in accelerating the electrons. This is the 
same characteristic mentioned in connection with the quculity 
of radiation, but it is a different influence of this characteris- 
tic. The quantity of X-rays generated increases with the 2. ,5 
power of the exciting potential; i. e. , conver.sion of the elec- 
tron energy to X-rays becomes moi'e efficient as the exciting 
potential increases. Therefore, the larger percentage of 
electrons which are accelerated at the higher or near to peak 
potential, the greater the output of the X-ray machine. A 
third factor which affects the output is the quantity of X-rays 
absorbed in the material of which the machine is constructed. 
This is termed inherent absorption. To assess the radiation 
output or productivity from an X-ray machine, we must know 
the roentgen output. The roentgen output is a measure of the 
number of X-ray photons developed, based upon the ionization 
effect pi’oduced when these photons are absorbed in air. When 
comparing two X-ray machines which are generally equal in 
design, the machine with the highest output in roentgens is 
the more suitable. For comparison purposes, all factors 
concerned with the roentgen measurement imist be equivalent. 
Roentgen output is expressed in terms of roentgens per hour 
at a distance of one meter (rhm). 


37 



AMCR 715-501 
Volume 1 


(3) Source size . For a given quantity of X-rays, the smaller the 
target area still capable of providing a useful quantity of 
radiatioHj the better the sensitivity. 


Range of operation . The ability of an X-ray machine to operate 
efficiently over a range of exciting potentials is a factor of 
merit. However, the width of the operating range is dictated 
rather sharply by several factors. For example, the inherent 
absorption in the X-ray tube walls, and machine housing at low 
energies requires special design to obtain a useable quantity of 
radiation. These special features are costly and usually are not 
required at higher energies. X-ray machines designed to opera 
at maximum potentials of 150 or 300 kv are generally of limited 

obt^n^r/f quantity of radiation which can be 

ined at potentials below the peak rating is often extremely 
limited, and the usefulness of the equipment at lower than rated 
p entials is questionable. Equipment of good quality is designee 

technical^nmfiA^ range predicated upon a compromise between 
echmcal pioficiency and normal application requirements. 

charactcUstlc, of 


Table IV. CHA^CTERISTICS OF VARIOUS TYPES 
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Section IV. SELECTION OF GAMMA RAY EQUIPMENT 
■25. GENERAL 

The selection of gamma ray equipment begins with, the same require- 
ment as the selection of X - ray equipment ; defining the inspection 
problem. The basic concepts of inspection problem analysis were dis- 
cussed under X-ray equipment selection and will not be repeated here, 
Instead, this section will deal with gamma ray equipment on the assump- 
tion that radiographic inspection has been determined necessary and the 
equipment choice lies first, between X-ray and gamma ray equipment, 
and second, between the several radioisotopes available. With regard 
to the use of comjDarable radiation energies, gamma rays may be sub- 
stituted directly for X-rays with satisfactory results. However, the 
fact remains that the wider spectrum, and therefore the presence of 
lower energy radiation obtained froim X-ray equipment, usually gives 
superior sensitivity. 

26. GAMMA RAY CONSIDERATIONS 

Economics form a basis for the selection of gamma ray over X-ray 
equipment. The initial cost of gamma ray equipment is generally less 
and the maintenance is somewhat lower as the equipment is rather 
simple. The actual maintenance cost is restricted primarily to re- 
placement of the radioisotope source as it weakens through atomic 
disintegration. The lower radiation intensity as compared to X-rays 
and the more simplified method of operation often negates the need for 
special costly installations, especially in the high energy field. How- 
ever, this same factor, lower radiation intensity, works adversely to 
increase the inspection time. Gamma i*ay use approaches its maximum 
economic efficiency when: the inspection rate is low; the material to be 
inspected is similar in design and advantage can be taken of the radial, 
annular einission to make numerous simultaneous exposures; the 
foreseen extent of the inspection need is short or not predictable. The 
application of gamma ray radiography to certain specific types of in- 
spection is often based upon convenience regardless of economics. For 
example, radiography performed in confined areas or inspection of 
enclosed fabrications such as pipe, tanks, internal ship structures, 
etc. , is suited ideally to the small isotope source in comparison to the 
more bulky X-ray tube. The absence of power requirements is another 
factor which lends advantage to isotope use for field inspection. 

27 . RADIOISOTOPE SELECTION 

The selection of a radioisotope for a particular task or area of inspec- 
tion work is based principally upon two characteristics: radiation energy 
and source size, The selection of radiation energy is accomplished in 
the same manner and for the same purpose as with X-ray equipment. 
Table I gave the approximate equivalents between gamma ray energy 
and X-ray exciting potential, Consideration of the gamma ray energy 
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FIGURE 22. TYPICAL SOURCE SIZES AND RHM OUTPUTS 
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and the data supplied in Table II will guide efforts in such selection. It 
should be noted that unlike X-ray equipment, there is no range of opera- 
tion with radioisotopes. This fact requires a greater compromise be- 
tween penetration time and radiographic sensitivity when using gamma 
rays. The size of the source available with radioisotopes is determined 
by the specific activity, i. e. , the actual percentage of the element which 
has been converted into radioisotope; and the quantity of radioisotope 
involved, i.e., the number of curies. Figure 22 illustrates some re- 
presentative physical sizes of gamma ray sources with respect to the 
elements concerned and quantity of activity. 
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CHAPTER 4 
FILM RADIOGRAPHY 


Section I. GENERAL 
28. EFFECT OF RADIATION ON FILM 

a. To undei' stand the pi’oduction of an image on X-ray film, it is 
fir^ necessary to know what an X-ray film is, and what effect radia- 
tion and subsequent processing has on it. 

b. An X-ray film is basically a sheet of transparent, blue -tinted, 
cellulose derivative material, coated on either one or both sides with 
a photosensitive emulsion. This emulsion consists of gelatin in which 
is dispersed very fine grains of silver halide salts; primarily, silver 
bromide. The emulsion is about 0. 001 inch thick on either side of the 
film, Figure 23 shows various magnified views of X-ray emulsion. 

c. The emulsion is sensitive to certain wavelengths of electro- 
magnetic radiation and when exposed to X-, gamma, or visible light- 
rays, a change occurs in its physical structure. This change is of 
such a nature that it cannot be detected by ordinary physical methods. 
When the silver halide grains are exposed to radiation, they become 
"sensitized," When they are subsequently treated with a chemical 
solution (developer), a reaction takes place causing the reduction of 
the silver salts to black, metallic silver. It is this silver, suspended 
in the gelatin, which constitutes the image. The developing solution 
is basically a mild alkaline reducing solution containing several addi- 
tional chemicals to control the speed with which the solution acts and 
to extend the life of the solution. The film is left in the developer 
long enough to allow the sensitized grains to be darkened; i. e. , re- 
duced to metallic silver. If the film is developed too long, unexposed 
grains will also be reduced, and the film will be uniformly darkened 
or "fogged." After the film has been developed, it is placed in a weak 
acid solution to stop the action of the developing solution. The film 

is then placed in a fixing bath, commonly called a "liypo," which dis- 
solves all the undeveloped salts and leaves only the metallic silver or 
dark grains in the emulsion. The "hypo" also contains agents which 
harden the emulsion to make it more durable. Finally, the film is 
thoroughly rinsed in running water, to remove all traces of the various 
solutions, and dried. When the processed film is viewed in front of a 
strong light, those areas of the film which were not exposed to light or 
X-rays are transparent, while those areas exposed to X-rays contain 
metallic silver and are dark or opaque. 
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a. The silver bromide grains nf 
an x-ray film emulsion (2, 150O 
diameters). These grains have 
been dispersed to show theii 
shape and relative sixes more 
clearly. In an actual coating, 
the ciT«t;i.l« are much more 
closely packed. 



b. Cross section of an unpro- 
cessed emulsion on one side of 
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d, , X-ray film is very similar to ordinary photographic film except 
thaF it has special characteristics which make it superior for radio- 
graphic work. Passable photographs can be made with X-ray film, and 
photographic film will record an X-ray image, although not as well as 
X-ray film. Most X-ray films have a response to visible light similar 
to that of commercial orthochromatic photographic films. Such films 
are quite sensitive to blue light, but are relatively insensitive to red 
or yellow light. For this reason, X-ray films may be safely handled 
in a dark room which is properly illuminated with red or yellow light 
of low intensity. Several types of "safelights" are commercially 
available with special filters for use in the processing of X-ray films. 

29. COMMERCIAL X-RAY FILMS 

a. While a photographic image may be formed by light and other 
forms of radiation, as well as by X- or gamma rays, the properties 
of the latter two are of a distinct character and, for this reason, the 
photosensitive emulsion must be different from that used in other types 
of photography. In fact, the wide range of conditions and the variety 
of materials encountered in industrial radiography has led to the de- 
velopment of several specific types of films to meet these diverse re- 
quirements. 

b. The many factors governing the selection of a particular type, 
or combinations of types, of X-ray film will be discussed in Section II 
of this chapter. Basically, however, there are three grades of film 
for industrial radiography: coarse grain, fine grain, and extra-fine 
grain film. The fine and extra-fine grain film give the highest contrast 
or quality, but require relatively long exposure times. The coarser 
grain films do not quite give the good quality results that the finer 
grain films do, but they need only relatively short exposure times, A 
consideration of all the factors involved in radiographing a given item 
or component determines the choice of film to be used. Since there is a 
wide variety of films to choose from, the experienced radiographer 
should have no trouble selecting the correct film for a given job, 

£. Commercial X-ray film is sold in two basic forms. The first 
is sheet film of various standard dimensions which may be coated with 
the photosensitive emulsion on only one side, but which is normally 
supplied coated on both sides of the film; the second is roll film of 
various widths and practically unlimited length. This second form is 
especially useful for radiographing circumferential areas, In addition 
to these two basic forms, custom tailored shapes can be supplied by 
most manufacturers on request. 

Section II. FILM EXPOSURE AND PROCESSING TECHNIQUES 

30. GENERAL 

a. In this section there will be discussed the effect of the many con- 
siderations involved in producing the optimum radiograph. 
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b. Industrial I’adiography has many diverse applications. In each 
application, there are many considerations in obtaining the best radio- 
graphic results. They include, but are not limited to; 

(1) The composition, shape, and size of the part being examined, 
and, in some cases, the weight and physical location as well. 

(2) The type of radiation used, whether X-rays from an X-ray 
machine, or gamma rays from a radioactive source. 

(3) The kilovoltages available with the X-ray equipment, or the 
quality of the gamma radiation. 

(4) The kind of information sought, whether it is simply an over- 
all inspection, or the critical examination of some especially 
important portion, characteristic, or feature. 

(5) The resulting relative emphasis on definition, constrast, 
density, and the time required for proper exposure. 

All of these factors are important in determining the most effective 
combination of radiographic technique and film, 

31. FILM DENSITY AND EXPOSURE 


a. Film Density 

(1) Film oi* photographic density refers to the quantitative 

measure of film blackening, and for radiographic purposes 
the term "density" alone is generally used. Density is de- 
fined as the common logarithm of the ratio of light incident 
upon one side of a radiograph to the light transmitted through 
the radiograph. To illustrate: when the silver deposited in 
the emulsion allows l/lO of the incident light to pass through 
the radiograph, the ratio is 10:1. The logarithm of 10 is 1; 
thus by definition the density is 1. If only 1/100 of the in- 
cident light passes through the radiograph, the ratio is 100:1 
foi' which the logarithm and therefore the density is 2, By 
formula: 


Density (D) = log 


lo (incident light) 

It (transmitted light) 


(2) For general radiographic use, a series of films or a film 
strip exposed to various density levels is sufficient to com- 
pare with and thus judge the appi’oximate density of produc- 
tion radiographs. Density standards of this type should be 
calibrated using a reliable densitometer. Because the den- 

ade 
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Exposure 

(1) X-ray exposure 

(a.) Since X-ray output is directly proportional to both milli- 
amperage and time, it is directly proportional to their, 
product. This product is known as the "exposure-," It is 
expressed algebraically as E = Mt, where E is the ex- 
posure, M the tube current in milliamperes, and t the 
exposure time in minutes or seconds. I-Ience, the amount 
of radiation from a given source will remain constant if 
the exposure remains constant, no matter how the indi- 
vidual factors of tube current and exposure time are 
varied. This permits specifying X-ray exposure in terms 
of milliampe re-minutes or milliampere- seconds, with- 
out stating the specific values of tube current or time. 

kilovoltage applied to the X-ray tube affects the quality 
of the X-ray beam. As the kilovoltage is raised. X-rays 
of shorter’ wave length, and hence of more penetrating 
power are produced. Referring back to figures 7 and 8, 
note that in the higher kilovoltage beam, there are some 
shorter wave lengths which are absent from the lower 
kilovoltage beam. Thus, raising the kilovoltage not only 
increases the penetration, but also increases the intensity, 
sometimes to a great extent. 

(2) Gamma ray exposure 


(_a) The total amount of radiation emitted from a gamma ray 
source during a radiographic exposure depends upon the 
source strength (usually stated in curies or millicuries) 
and the time of exposure. For a particular radioactive 
isotope, the intensity of the radiation is approximately 
proportional to the strength of the source in curies, 

(b) The gamma ray output can be assumed to be directly pro- 
portional to both source strength and time, and hence 
directly proportional to their product. Analogous to X-ray 
exposure, the gamma I'ay exposure (E) may be stated 
E = Mt, where M is the source strength in curies or 
millicuries, and t is the exposure time. The amount of 
gamma radiation will remain constant so long as the pro- 
duct of source strength and time remains constant. This 
permits specifying gamma ray exposures in millicurie- 
hours, for example, without stating specific values for 
source strength or time. 

{c) Since gamma ray quality is fixed by the nature of thf 
particular radioactive isotope, there is no variable to 
correspond to the kilovoltage factor encountered in X- 
radiography. 



AMCR 715-501 
Volume 1 


(d) A gamma source is constantly losing strength; therefore 
a correction must be made in order that the correct 
strength (in curies) is used. The frequency of correction 
depends upon the rate at which strength is lost (half life). 
For radium, the half life is so long that correction is not 
required. For artificially induced isotopes, the original 
strength and date of conversion is furnished by the USAEC. 
The strength for any subsequent time can be readily cal- 
culated, knowing the original strength and half life of the 
isotope. 

32, FILM CHARACTERISTIC CURVES 

a. The characteristic curve, sometimes referred to as the sensito- 
metric or H and D curve (after Hurter and Driffield), expresses the 
relationship between the exposure applied to a photographic film and 
the resulting photographic density. Such curves are obtained by giving 
a film a series of known exposures, determining the densities produced 
by such exposures, and then plotting density against the logarithm of 
relative exposure. Figure 24 shows the characteristic curves of two 
typical films. 


b. Relative exposure is used because there are no convenicmt units 
suitable to all kilovoltages and scattering conditions, in which to ex- 
press radiographic exposures. Hence, the exposures given a film are 
expressed in terms of some particular exposure, thus giving a relative ^ 
scale. The use of the logarithm of the relative exposure, rather than 
he relative exposure itself, has a number of advantages. It compresses 
an otherwise long scale. Furthermore, in radiography, ratio .s of ex- 
posures are usually more significant than the exposuro.s them.solvos. 
Pairs of exposures having the same ratio will be separated by the same 
interval on the log relative exposure scale, no matter what their ab- 
solute value may be. Consider the pairs of expo.surc).s given in table V. 


Table V. SOME RELATIVE EXPOSURE RELATIONSHIPS 



/I O 
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FIGURE 24. CHARACTERISTIC CURVES FOR TWO FILM TYPES 
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FIGURE 25. SCALE FOR DETERMINING LOGARITHMS 
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c. Referring to figure 25, notice that the antilogarithm of 0 70 
comes out to be approximately 5.0 which is also the ratio of each nair 
of exposures. Therefore, to find the ratio of any pair of expoeu^es 
t IS necessary only to find the antilog of the log E (logarithm of re- 
lative exposure) interval between them. Conversely, the log exnosurp 
t'heir^athT*'^^^’" exposures is found by taking the logarithm of 

®^®epness of the characteristic curve for X-rav 
Im, changes continuously along its length. The density difference^ 

rejio^n o7t^rL^^ p difference in specimen thickness depends on the 
gion of the characteristic curve on which the exposures fall The 

have been evaluated. Note that the*araHie^t^^^'^-^^”V' h'/b') 

The-ee wm tr„emit%ul'’.‘/^‘’4f specimen, 
film; i. e theTe^ U bf, ^ °C radiation to the 

lative exposure to the film i^fhe in the logarithm of the re- 
tain kilovoltage the thinnm. T.Sfn T that at a cer- 

than the thicker section then the P^f'^ent more radiation 

exposure ( A IcJ E will be n M in logarithm of relative 

amperagel exposure’ toe or 's ’.Ir^-mm 

IS now radiographed with an exDosnrVh u- .^^®tance. If this specimen 
sities on the toe of the characteVldH developed den- 

the X-ray intensity difference of 20 ^ 'f^here the gradient is 0.8, 

difference of 0.06 (fig 27) If flip is represented by a density 

fall on that part of thf'curve whirl densities 

intensity difference results in a density®differeL‘e oi 0.«° 

greiler than'o^/ fte^ittens^ty ^ratios”' ‘*>o Pharaoteristic curve is 

radiation emerging from the slielfil ’ contrasts, of the 

reproduction, and the higher tL ■■=‘'ii°gi-aphic 

amplification. Thus at densiti«<f ?•' greater is the degree of 
1.0, the film acts as a "contrast amtlliT’ gradient is greater than 

Is less than 1.0, subject cSrsts a^e ff;-\-®T“s*'^r' « to gradient 
radiographic reproduction. effectively diminished in the 
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FIGURE 2(i. TYPICAL CHARACTERISTIC CURVE FOR A 

RADIOGRAPHIC FILM 



LOG RELATIVE EXPOSURE 


FIGURE 27. CHARACTERISTIC CURVE FOR A RADIOGRAPHED 
SPECIMEN SHOWING DENSITY DIFFERENCES 
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h. A minimum density is often specified for radioirranhs 'Pi • • 

not because of any virtue in a particular density but rail e l. . ' 
the gradient associated with the densitv 'rtw. o 

i 3 .hat at Which the mintaunt sch g Lie ' ' ‘h ! "“I'*"* 

gcadient. Icwcf than 1.0 should be av^icled whtLtc, 

molt Lp'o'S “orhe™i.:r:;t.^'’„:LL’Ljh!L‘'“'''" «- 

could not be made visible. This gaL in contrast 

tic ally all indust 2 .' ial radiotrranhv Ti' iu . ^ * n ' m prac- 

ography with very penetrating rldiations'Xcr in ra.U- 

contrast. High radiocraDhic a i ^ ^ luce low Hiibject 

ment of subject contrast by the film] ^ greatly on the unhanco- 

property of ^ firm.^^^hiXeXis meflLT”''''’ Vf’ oontrasSt 

gradient, defined as the slope of a straLht Hn - 

specified densitie.s nn n-,n. c.if. . L ^ joining two points of 


ux a Him. This need is mr. - ia,r .. .■/ >-ne contra 

gradient, defined as the slope of a straLht Hn - 
specified densities on the charartovi ok ^ joining two points of 

specified densities betXeifXch^hf.^,^ In pa.rticular, the 
maximum and minimum useful densities imrV ^ ‘'*'''^wn may be the 

use. The average gradient, then, will indicate 

properties of the film over this usebJl ," ^ ' average contrast 

development technique the averaae I' nr a given film and 

upon .he density ra^gL^oseL I ^ mLoLwh I’' 

ators are available and high densitX ^ ’? intensity illumin- 

calculated for the density tLt 1 o7o 4 o“““n' 


k,* '^^psriments havo shown m 1 
curve is, for practical purposes inde^ characteristic 

gamma-radiation. Therefore '/.hi quality of X~ or 

radiation may be applied to exnosni'*] eristic curve made with any 
same is true of values of gradfent oi nX' ^ tbe 

the curve. ® average gradient derived from 

"'7 contrast in 

ject contrast, and only very sliditW T ° the sub- 

characteristics of the RafiXhlX 1^ the contrast 

sity range with the same film t “I a different den- 
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FIGURE 28. CHARACTERISTIC CURVE FOR ONE TYPE OF 

INDUSTRIAL X-RAY FILM 
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direct X-ray film types, approximately 30 percent more speed, and in 
some cases, slightly more contrast can be gained by developing for 8 
minutes. ^ 


rn. A special case arises when, for technical or economic reasons 
there is a maximum allowable exposure; i. e. , exposure time cannot be 
increased to take advantage of the higher film gradient at higher densi 
ties. In such a case, an increase in kilovoltage will increase the radia 
tion intensity penetrating the specimen, and hence cause the film to h. 
exposed to a higher density. This may result in an increase in raclio 
graphic contrast in spite of the lowering of the subject contrast An 
example may be taken from the exposures used to produce the exno.,„r» 
chart of figure 29. Table VI lists the densities obtained through 1/2 
seconds' sections of steel using an exposure of 9.6 milliampere- 


TableVI. relationship BETWEEN KILOVOLTAGE, DENSITY AND 
CONTRAST AT EXPOSURE TIME ’ 





33. FILM SPEED 
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a. It has been shown that the contrast properties of a film are 
governed by the shape of the characteristic curve. The other signifi- 
cant value obtained from the characteristic curve is the relative speed, 
which IS governed by the location along the log E axis of the curve in 
relation to the curves of other films. 

b. Speeds of radiographic films are usually given as inversely 
propoi'tional to the exposure required to achieve a certain density, 
Further, since there are no units of X-ray exposure conveniently 
applicable to industrial radiography, speeds are expressed in terms of 
one particular film, whose relative speed is arbitrarily assigned a 
value of 100. 

c. In figure 30, the curves for various films are spaced along the 
log relative exposure axis. The spacing of the curves arises from the 
differences in relative speedj the curves for the faster film lying to 
the left of the chart, those for the slower films lying toward the right. 
From these curves, relative exposures to produce a fixed density can 
be deternained, and the relative speeds will be inversely proportional 
to these exposures. For most industrial radiographic purposes, a 
density of 1 , 5 is an appropriate level at which to compute relative speeds, 
although where all work is done at high densities and the radiographs 

are viewed on high-intensity illuminators, a density of 2. 5 is more 
suitable. Relative speed values, derived from figure 30, for the two 
density levels are given in Table VII. Note that the relative speed 
computed at the two densities are not the same, a result of the differ- 
ences in curve shape from one film to another. As would be expected 
from looking at figure 30, this is most noticeable for Type F Film. 


Table VII. RELATIVE SPEEDS AND EXPOSURE VALUES DERIVED 

FROM FIGURE 30 


Film 

D 

Relative 

Speed 

ensity = 1.5 

Relative Exposure 
to give D = 1 . 5 

, . 

D 

Relative 

Speed 

ensity = 2.5 

Relative Exposure 
to give D = 2, 5 

Type M 

40 

17 

45 

14 

Type AA 

170 

4 

170 

4 

Type F 

250 

3 

170 

4 

Type K 

700 

1 

1.0 

650 

1.0 

No-Screen 

550 

1.3 

530 

1. 2 
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d. Although the shape of the characteristic curve of a film is prac- 
tically independent of changes in radiation quality, the location of the 
curve along the log relative exposure axis, with respect to the curve 
of another film, does depend on radiation quality. Thus, if curves of 
the type shown in figure 30 were prepared at a different kilovoltage, 
the curves would be differently spaced; i. e, , the film would have 
different speeds relative to the film which had been chosen as a stan- 
dard of reference. This difference is attributed primarily to the 
efficiency of radiation absorption of a film at different energy levels. 

34. THE RECIPROCITY LAW 

a. It has been assumed in the preceding discussions that the exact 
compensation for a decrease in exposure time could be made by in- 
creasing the intensity of the radiation. A radiographer therefore could 
reduce exposure time by 20 percent, if he increased the radiation in- 
tensity an equal amount by either shortening the source-film distance 
or increasing the output of the X-ray source. This direct compensation 
is termed the reciprocity law and is valid when using direct X-ray or 
lead screen exposure techniques. Stated mathematically, for a given 
exposure (E), the values of intensity (I) and time (t) can be varied at 
will if their product (I x t) is not changed. 

b. The reciprocity law fails when fluorescent screens are used. 

This failure is due to the radiographic film emulsion which is sensitive 
not only to the amount but also the brightness of the light. Therefore, 
when exposure tinae is increased and radiation intensity decreased, 

the fluorescent screens will emit the same total amount of light, but 
over a longer time and at a lower brightness level. The effect of this 
lower brightness will be less exposure to the radiograph. The de- 
crease in film exposure (density) will be small and cause little dif- 
ficulty until the X-ray intensity is altered considerably. When the X- 
ray intensity is altered by a factor of 4 or more, it will be necessary 
to change the total exposure inversely by approximately 20 percent to 
compensate for this deviation from the reciprocity law. 

c. In radiography, maidced changes in an established exposure 
technique are effected very readily by changing the source-film dis- 
tance and by taking advantage of the inverse square law effect. When 
this action is taken and fluorescent screens are being used, the failure 
of the reciprocity law can be mistaken for a failure of the inverse 
square law. 

35. TECHNIQUE CHARTS 

a.. Some variables associated with radiography are predictable and 
can be calculated. One variable, the radiation energy spectrum de- 
veloped by an X-ray machine, is not readily predictable. Because 
this spectrum dictates the penetrating quality of the emitted X-rays, 
the techniques used with any X-ray machine vary, and require special 
attention. Such attention usually takes the form of developing data 
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which is pertinent to radiographing various materials and thicknessp« 
of these materials with a particular machine. Such data, when in con 
venient form,^ expedites the selection of correct techniques. The 
general techniques published by X-ray machine vendors are onlv 
mate and seldom satisfactory for direct application, ^ 

^ ^dustrial radiographic techniques should be based upon the 
ensztivity required to discern the probable or expected flaws Be- 
cause of this fact, technique charts should be designed as plots of 
either intensity- time or material thickness at a given radiation enpv 
A radiopapher then selects the lowest energy which will provide an 
economical exposure for a given thickness. The mosT appronriato 
manner in which to develop technique charts is outlined as follows; 

(1) Subdivide the working range of the X-ray machine into con 
venient and useful levels determined by^the type of wor^to" 
be accomplished. For example; 

(a) Light alloy radiography with an X-ray machine hn^inrr 

(b) steel radiography with an X-ray machine having a 


( 2 ) 


(3) 


tweef I « of a fabricator vary ba- 

men would be constructeTusInB'l/fi V’h apacl- 

l.alp7ul inXTfina?rTsuir^‘^” 

made using cOOT^'Ment pe°rToXof'time°anc^^ exposures are 

type Of mate rial invol?eVa^nd°the "In ^ depend largely upon the 
source-subiect/subi^rf f-ll . of radiation used. The 

commensurate Cm, '‘’A' should be 

change of the distances quality and may require 

time periods ^0^ be mrCutera 2 T”?' 

(15, 30, 45 and 60). The magnitud Af ' seconds 

be sufficient to obtain eauivflo f ^ °^_®^posure change should 
thickness. The number^f ^ density on the next greater 

fined to rkso^bTe^taes asTo"?Tb 

mes as would be used in production. 
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(4) The radiographs obtained will give information regarding 
exposures of thickness for a given radiation energy, film 
system, set-up geometry, and material. Each exposure will 
represent the product of time and intensity of radiation (milli- 
or microamperes). Each exposure will also illustrate the 
density range (latitude) which can be expected with the tech- 
nique used. Several methods of graphing this data are 
possible. Figure 31 shows a number of radiation energies 
plotted on a single chart. Figure 32 shows a single radiation 
energy plotted to indicate the latitude of density obtained. 

(5) The basic information may be modified to suit desired changes 
in technique without redoing all of the exposures. For ex- 
ample: 

(a.) The change in exposure required by the use of a different 
film may be calculated and a second set of exposure values 
developed and applied to the same graph. 

(b) The change in exposure required by a change in d/t ratio 
can be computed through use of the inverse square law 
and a second set of exposure values developed for the 
same curve. 

(c^) A technique chai't for a new alloy (of the same base mater- 
ial) can be developed by making a single exposure at a 
given thickness and comparing the density thus obtained 
with the original alloy. The original curve may then be 
shifted vertically to indicate the technique for the new 
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milliampere 

MINUTES 



THICKNESS OF MATERIAL IN INCHES 

FIGURE 32. TECHNIQUE CHART: TIME AND INTENSITY VS 
THICKNESS OF MATERIAL (STEEL) AT 
CONSTANT POTENTIAL 
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fully utilizing this wasted energy, without complicating the techmV.i 
procedure, is highly desirable. Two types of ?adiogrfphic sere" f 
(lead foil and fluorescent) are used to achieve this end.*^ 

J^ead Foil Screens . 

(1) Lead foil placed on both sides of a film has a desirable « 
upon the .^aUty of tha radiograph. In radioeraph^w th f' 
rays and X-rays below 2, 000 kv the front lea H fnTi ^ V 
only be 0. 004 to 0, 006 Inch thick; conaeCiuy ‘il 
Of the primary beam is not serious. The back screen? u 
ever ahould be thicker to reduce bac^^-acatte red ^rdi^.lr ' 

1 creens are available commercially. The choice of 
^ad screen thicknesses in multimillion Jolt radiogranhJ 
much more complicated, and the manufacturer of th^^7 
ment should be consulted for recommendations. 

bas three principal 

by raason of\^he*l'l°ec° ron^imitte^ partly”y 

secondary radiation generated in the lead. ^ ^ 

than^the^Jri^a^Jy ®^^ wavelength scattered radiation more 

than the 

the%if£eSilu^t\^^^^^^ radiation and 

suit in diminishing the effect of o radiation re- 
producing greater contrast and^cllrit^hf thereby 

image. This reduction in fu m the radiographic 

the total intensity of the creases 

thereby apparently lesse^l th^°^^.®r^^*^g the film and 
screens. The absJ>rption of intensifying factor of the 

lead screen also diminishes Hi radiation by the front 

if the incident radiation does not”ha ^“tensifying effect, and, 
power, the actual exposure rf!!i sufficient penetrating 

than without screens!^ At best^'th'e greater 
half to one-third that without screLf^'^^r® 
screens m reducing scattered rJdf.f ’ advantage of the 

holds^ ^ eradiation, however, still 

(3) The quality of the radian,! 

intensification from lead s'creJJrde"'^ ' d appreciable 

film, the kilovoltage and the h,- upon the type of 

trough which the Sye "lalerlal 

Cor example, the thictoLl must be\bout“l”’’^/ aluminum, 

oe about 6 inches, and the 
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voltage as high as 120 kv, to secure any advantage in ex- 
posure time with lead screens. In the radiography of steel, 
lead screens begin to give appreciable intensification with 
steel thicknesses in the neighborhood of 1/4 inch and at vol- 
tages of 130 to 150 kv. In the radiography of 1-1/4 inches 
of steel at 200 kv, lead screens permit an exposv;re of about 
one-third that without screens (i, e. , an intensification factor 
of 3). With gamma rays, the intensification factor of lead 
screens is about 2. Lead foil screens, however, do not 
detrimentally affect the definition or graininess of the radio - 
graphic image to any appreciable degree, providing the lead 
foil and film are in intimate contact. 

(4) Lead foil screens diminish the effect of scattered radiation, 
particularly that which undercuts the object when primary 
rays strike the portions of the film holder or cassette out- 
side the area covered by the object, 

(5) Scattered radiation from the specimen itself is cut almost 

in half by lead foil screens, contributing to maximum clarity 
of detail in the radiograph; this advantage is obtained even 
under conditions where the lead screens make necessary an 
increase in exposure. For a more complete discussion of 
scatter, see par. 14h. 

(6) In radiography with gamma rays or high voltage X-rays, 
films loaded in cassettes without screens are apt to record 
the effects of secondary electrons generated in the lead- 
covered back of the cassette. These electrons, passing 
through the felt pad on the cassette cover, produce a mottled 
appearance due to the structure of the felt. Films loaded in 
the customary lead-backed cardboard exposure holder may 
also show a pattern of the structure of the paper which lies 
between the lead and the fibn (fig, 33). To avoid these effects, 
the film should be enclosed between double lead screens, 
care being taken to insure good contact between film and 
screens, Thus, lead screens are essential in practically 

all radiography with gamma rays or millionvolt X-rays. If, 
for any reason, screens cannot be used with these radiations, 
the film should be loaded in a lightproof paper or cardboard 
holder, without any metal backing, 

(7) Contact between the film and lead foil screens is essential 
to good radiographic quality. Areas in which contact is 
lacking produce fuzzy images as shown in figure 34. 

(8) Lead foil screens must be selected with extreme care. Com- 
mercially pure lead is satisfactory. An alloy of 6 percent 
antimony and 94 percent lead, being harder and stiffer, has 
better resistance to wear and abrasion. Tin-coated lead 
foil should be avoided, since irregularities in the tin cause 
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SCREEN I'JO'I W |.;f;N I.|.;ai, 

density caused by PAPe/hetw^^^^ DKckkahii;,, 
and film, an electron shadow 

paper also si OWS ' 



figure 34* EFFEPT or' 

film on lAlAOP CONTACT OF LEAn i-orr .. 

.«o. „r,f ™ 

UL rs IN A F UZ z Y IMAGE . 
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variations in the intensifying factor of the screen, resulting 
in mottled radiographs. Minor blemishes do not affect the 
usefulness of the screen, but large blisters or cavities 
should be avoided. 

(9) Most of the intensifying action of a lead foil screen is caused 
by the electrons emitted under X-ray or gamma ray excita- 
tion. Because of the high electron absorption of light mater- 
ials, the surface must be kept free of grease and lint which 
will produce light marks on the radiograph. On the other 
hand, deep scratches on lead foil screens will result in dark 
lines. Grease and lint may be removed from the surface of 
lead foil screens with a solvent. If more thorough cleaning 
is necessary, screens may be very gently rubbed with fine 
steel wool. If this is done carefully, the shallow scratches 
left by the steel wool will not show up as dark lines on the 
radiograph. 

(10) Films iTiay be fogged if left between lead screens longer than 
is reasonably i-iecessary, particularly under conditions of 
high temperature and humidity. When screens have been 
freshly cleaned with an abrasive, this effect will be increased; 
hence, prolonged contact between film and screens should 
be delayed at least 24 hours after cleaning. 

Fluoresce nt Screens 

(1) Certciin chemicals fluoresce, thcit is, have the ability to ab- 
sorb X-rays and gamma rays and emit light. The intensity 
of the light emitted depends upon the intensity of the incident 
radicXtion. The compounds most commonly used for inten- 
sifying screens are calcium tungstate and barium lead sulfate. 
They are finely powdered, mixed with a suitable binder, and 
coated in a thin, smooth layer on a special cardboard support 
to form a screen. 

(2) For the exposure, the film is placed between a pair of these 
screens. The photographic effect on the film, then, is the 
sum of the effects of the X-rays and of the light emitted by 
the screens. A few examples will serve to illustrate the 
importance of intensifying screens in the reduction of ex- 
posure time. In the radiography of 1 /2 inch steel at 150 kv, 
the exposure is about l/l25th as much with screens as with- 
out them. That is, the intensification factor is as high as 
125. In the radiography of 3/4 inch steel at 180 kv, intensi- 
fication factors of several hundred have been achieved ex- 
perimentally. At this latter condition, the intensification 
factor has about reached its maximum and it diminishes both 
for lower voltage and thinner steel, and for higher voltage 
and thicker steel. Using radium or Cobalt 60 gamma rays 
for very thick steels, the factor may be 10 or less. 
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( 3 ) Intensifying screens may be needed in the radiography of 
steel thicknesses, greater than 1 - 1/2 inches at 200 ky 
inches at 400 kv, and 5 inches at 1 000 kv ' 


(4) 


(5) 


Fluorescent intensifying screens are not generally used w\ih 
gamma rays, since they tend to give excessive graininess 
to the image, and since failure of the reciprocity lasy ( >'! 
34 ) lesults in relatively low intensification factors with th' 
long exposure times usually necessary in minrnri ^ V 
ography. For the radiography of lielJ mel-il I f l, ' ^ 
screens are rarely nece^a^I 

the best choice would be fluorescent screens Jc ^ 
signed specifically for sharpness of definition ind df'' 
production of fine detail at relatively low kilovoll'g!::/"’' 

tLm^° 72 ^Sof'?eTl ^7hc ‘‘y vacliogi-aph 

intensifying screen is lar^^ef ^ 

TherefoL,^n such cases^ th'lT 

should be used since fh*.’ ■ dcvecins 

fying screens is ,e mintoiri%o";o'Hr:'‘"‘"’''' 

high'Jsfr;ns\Sy7Tth7''blu^ «sed with film having the 
are certain cases! howeve in f, 'i’luu'o 

between the maximum and that oS ' intcrmodiato 

gi'ain, "Medium contrast film mav*bn^n' apeed, coarse 

screens. The speed will ^ fluorescent 

with the previously mentioned 7 °i^^ *^*^‘*-*’ ubtainud 

atad With the fluorescent ««ee“;Vm'‘be';iSf 
(^) Fluorescent w • . apparent, 

pairs in rigid\olS 77 aSey ® mounted in 

Tion in direc? coS fluores- 

the is essltUl , 

S'’re'‘r‘’.s°rr°''“"‘“* ®"erv?ee*in »>'“ i" 

the purchaser^Ta'?®''’^^^'®^®- ^ the scret^'''' manu" 

unevenness that ®>^ercised to a * mounted by 

niaterial. The aH^ result from anv th? ? phyaical 
screens, as even naust not cause r?^ ' uneven bonding 

their effective ‘^^Sree of disco the 

^""Pontantj it must’ no” c 7 lf ‘choice 

cause fogging of the aim 
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(9) Fluorescent light from intensifying screens obeys all the laws 
of visible light and cannot pass through opaque bodies, as do 
X-rays. To prevent extraneous shadows caused by absorp- 
tion of the fluorescent light by foreign matter during ex- 
posure, dust and dirt particles must not be allowed to collect 
between film and screen surfaces, and stains upon the screens 
must be avoided. Cleanliness of the order desirable for 
handling film and screens is sometimes difficult to maintain, 
but much can be done by stressing its need and eliminating 
carelessness , 

(10) It is desirable that fluorescent screens never by subjected 
to the full intensity of an X-ray beam while making a radio- 
graph. If the specimen more than covers screen area, or 

if proper masking is provided, there is practically no danger 
of causing discoloration of the screen, or of producing after- 
glow, from excessive exposure, 

(11) As a matter of routine, all cassettes should be periodically 
tested to check on the contact between the screens and the 
film. This can be easily done by securing a piece of wire 
screening (any size, and mesh, from 1/16 iarch to 1/2 inch 
is satisfactory) and mounting it so that it lies fairly flat. 

The cassette is then loaded with film, the wire screening 
placed on the exposure side of the cassette, and a flash 
exposure made. If there are poor contact areas, the result 
will be as shown in figure 35a. If there is proper contact, 
the shadow of the wire mesh will be outlined sharply, as in 
figure 35b, 

(12) Fluorescent intensifying screens may be stored in the proces- 
sing room but away from chemicals and other sources of con- 
tamination. The sensitive surfaces should not be touched, 
because the image of finger marks and dust particles may 
show in the radiograph and interfere with accurate interpre- 
tation. Fluorescent screens usually have a transparent pro- 
tective coating. This coating reduces the abrasion of the 
active surfaces and facilitates the removal of dirt and smudges 
from the screens. Every effort should be made to avoid 
soiling fluorescent screens, Should they become soiled, they 
must be carefully cleaned according to the manufacturers' 
recommendations. Hydrogen peroxide or other common 
cleaning agents should never be used for this pui‘pose, be- 
cause their chemical composition may cause fogging of the 
sensitive film emulsions. 

(13) The use of thin cellulose sheets for protecting the active 
surface of intensifying screens is particularly objectionable, 
because any seperation between sci*een and film has an ad- 
verse effect on radiographic definition, Also, under dry 
atmospheric conditions, merely opening the cassette is 
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a. Fuzzy image produced by 
poor contact 


b. Sharp image produced by 
good contact 


FIGURE 35. EXAMPLE OF IMPORTANCE OF GOOD CONTACT 
BETWEEN FILM AND SCREEN 



J^IGURE 36. SPREADING OF VISIBLE LIGHT RFYOMn vwi- v d a xr 

BEAM WHEN FLUORESCENT SCREEN^^T™^ ‘ 



CSV , 
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liable to produce static electrical discharges between the 
sheets and the film. The result will be tree-like black 
markings in the radiograph, 

(14) The advantage in using fluorescent intensifying screens lies 
in the great reduction in exposure time that their use per- 
mits. As a corollary to this, the radiography of relatively 
thick specimens on X-ray units of moderate power is facili- 
tated. For instance, using fluorescent screens, 3 inches 
of steel may be radiographed at 250 kv with a reasonable 
time exposure, 

(15) Fluorescent screens give poorer definition in the radiograph, 
compared to a radiograph made directly or with lead foil 
screens. For this reason, they are seldom used except when 
economy demands the shorter exposure times their use 
allows. The poorer definition results from the spreading of 
the fluorescence emitted from the screens as shown in figure 
36. The light from any individual crystal spreads out beyond 
the confines of the original X-ray beam which excites the 
crystal to fluorescence. The overlapping of many such minute 
areas accounts for the blurring of outlines in the radiograph. 

(16) If a general rule can be given, it is that fluorescent screens 
should be used only when the exposure time necessary with- 
out them would be prohibitive. 

d. Cassettes and Film Holders 

(1) When intensifying or lead foil screens are used, good uni- 
form contact between screens and film is of prime impor- 
tance. The use of vacuum cassettes or of rigid, spring- 
back cassettes is the most certain way to obtain such inti- 
mate contact. If rigid cassettes are tested for screen con- 
tact at reasonable intervals, no further attention need be 
given the matter, 

(2) Cardboard or thin plastic holders are cheaper, easier to 
handle in large numbers, and are flexible as compared to 
rigid cassettes. However, if screens are to be used in 
them, special precautions must be taken to insure good con- 
tact. The exact means used will depend upon the object 
being radiographed. Exposure holders may be pressed or 
clamped against the specimen, or the weight of the specimen 
or the flexing of the holder as it is bent to fit some structure, 
may provide adequate contact, 

(3) Two points should be noted, however. First, these methods 
do not guarantee uniform contact, and hence the definition of 
the image may vary from area to area of the film. This 
variation of definition may not be obvious and may cause 
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errors in the interpretation of the radiograph. Second, such 
holders do not always adequately protect the film from 
mechanical damage. A projection on the film side of the 
specirnen may cause a relatively great pressure on a small 
area of the film. This may produce, in the finished radio- 

^ Pi-essure mark (fig. 37) which may bo 

mistaken for a flaw in the specimen. 

37 . FILM PROCESSING AND CONTROL 

posureT Fx^ra Processing film, the latent image produced by ex- 

p/oc”'r„g;rSrfed"oTu;Z^°i:H‘®7 

solution which causes the arpac ^ ^ rn is first immersed in a developof 

the amount of darkening for a givTn degree of "d liecome dark, 

upon the degree of exposure development depending 

preferably in an acidWh To ston film is rinsed, 

into a fixing bath, which dissolves 

sitive silver salts, and then is washed f” ^i^sned portions of the scn- 
and dissolved salts. ^ remove the fixing chemicals 

-• General Considerations 
0) Tank processi ng 

solutions and wash wattir 
suspended verticaUv TWe me,“u® 

tages; the processing soluti?is^^.°'^ several advan- 

utdee of the film; the tempemure In 

regulating the water in whicrthi controlled by 

"and 

39 through 41) fm ® °r film holder ffi o-q 

and taut throughout ‘ 

evenne"" of devalopmtroffi 

solution must hs'k^', '=''ol O-f 

to ‘e';f°of;h’' "/^Plonisher. TUs a°dT,“‘ 

“■'v «e by .he""d\‘“Sta 

fo? ‘unk p)itttaJ“o) used 
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(2) Machine processing . Where the volume of work is large 
automatic processing machines may be used to reduce the 
darkroom manpower required. Processing machines move 
films through the various solutions according to a predeter- 
mined schedule. Manual work is limited to the routine of 
loading and unloading the machine. 

(3) Cleanliness. In handling X-ray films, cleanliness is a prime 
essential. The processing room, as well as the accessories 
and equipment, must be kept scrupulously clean and used 
only for the purposes for which they are intended. 

(4) Mixing processing solutions . Proces sing solutions should be 
mixed according to manufacturer's instructions, and the 
procedures outlined should be followed carefully, The mixing 
vessels or pails should be made of stainless steel, enamel- 
ware, glass, hard rubber, or glazed earthenware. (Metals 
such as aluminum, galvanized iron, tin, copper, and zinc 
can cause contamination of the solutions with subsequent 
fogging in the radiographs.) 

Development. 


Solutions ■ Developers recommended for industrial 

~diography are available in two forms; powders and liquids 

the Cd H performance and effective life, but ‘ 

q greater convenience in preparation. Normal 

evelopment time for X-ray films in these solutions is 5 
minutes at 68°F (200C), ^ 


( 2 ) 


Importance of standardized developing procedure . 

used development should be 

used in all radiographic work. In this system, the de- 

ran/e and ^ certain sLall temperature 

^ development time adjusted according to 

^ way that the degree of develop- 
ment remains the same. If this procedure is not care ^ 

^xpLfr^Tch"'- the mo:t Lcui-:" 

nullified. Films cannot 

in processing ^ ^®®nlting from guesswork 

not be used. Tha'i the development" should 

Ograph should nnf-V time for a radi- 

sffelight ilW^^^^^ examining the film under 

procedure^fs processing 

always be made th#-r,-h check on exposure time can 

of errors that might othIrwTse "c "ur^ 
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(c) For example^ the image recorded in the film emulsion by 
” correct exposure will usually be fully developed and 

present the normally desired contrast and density after 
the film has remained for the specified time (with 
occasional agitation) in a fresh solution of developer^ at 
the optimum temperature; normally 68^F (200C). How- 
ever^ if the processing factors are correct and the radi- 
ographs are found to lack density, it can be assumed that 
the film was underexposed; if the radiographic image is 
too dense^ overexposure is indicated. The first con- 
dition can be corrected by increasing the exposure time 
and the second, by decreasing it; to be appreciable, any 
change should be an increase of the original time factor 
by at least 40 percent, 

(3) Control of temperature and time. The temperature of the 

processing solutions has a decided influence on their activity; 
hence, careful control of this factor is very important. The 
temperature of the developer solution should be checked im- 
mediately before films are immersed. The temperature 
should be 68^F (20^C). Below 60^F (16^0, the action of the 
chemicals is retarded and is likely to result in underdevelop- 
ment, whereas an excessively high temperature may not 
only destroy the photographic quality by producing fog, but 
also may cause frilling or may soften the emulsion to the 
extent that it will wash off the base. If it is not feasible to 
maintain the solutions at (20^0), the development time 

should be changed as indicated in table VIII, 


Table VUI. TIME-TEMPERATURE COMPENSATION 


Developer 

Temperature 

Degrees F. 

Development 1 
Slow, Mediur 
and No-Scj 
Normal 

’ime in Minutes 
n-Slow, Fast 
*een Films 

Maximum 

60 

8 1/2 

16 

65 

6 

10 

68 

5 

8 

70 

4 1/2 

7 

75 

3 1/4 

5 1/2 
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^Ration. It is es«cn(;ial Co socuro ntiiConnilv ol' ,l i 
ment over the whole area of (,lu« liln. Ihl- 
agitating the film during Che cours.. of d.-vod,,,;.;!!: 

43 illustrates the phenotruMia whieli oceurs wlien i ri ' 
having small areas whose <h-nsi(ie.s are wi.hdv i' f 
their surroundings, is develope.l wil lmu( .,,0, ei 
film or developer, ^ ion oj 


■'^^^tivity of developer solutions. 


(a) As a developer is us<,d, its dev.dopin,. nnw..,- ,t 
par ly because of the dost ruel ion .If tin. a, ' . , 
in changing the expo.sml si.lv.'r salts lo i n.l 1 1 1 'i 
and also because of the re.sf raining effe , 
lated reaction products, Th(> rxiJni ,.f 1 • 
activity will depend upon the nuiob.M- of fi‘|';’ ! " 

.>01 used, th. activu; ,, .r i, 

oxidation of the (lovoLpin^^, '' ■'u«o „f 

(b) To compensate for decreasim. ,1..., .1 • 

solution aliould i.,, .naintai.und, ' .;ui,''’i'r’ 
plemshment. ^ -'ntf.i f)| eliemieal re- 

(c) It is not practical to contiiu.e . 

and the developer shouhl l,e di s< r.I.M 'u '1"'“ ' 

ol replemshcr used efiuals two fo I e . , 

quantity of developer. In any case I'l '*. 

be discarded at the end of (hr,. ' *'* ’dioiild 

tion, and the acc.trnulath/n 

anical impurities that find fher,' and mech 

uai und thmr w.uy inlo (he solufion. 




(a) 


The easiest wav to feut- a . 

at frequent int/rvals' i'' *’ '•’* |>rocmsH, 

film, 8 by 10 incho.s OJ. i-, ,. ‘ *a-otu .i .sheet of 

to direct X-rays throng] . -xposed 

to compare thj densities obhiin'.”.' 
that has been proce.ss(u| in fi... t'l* 'y*' ' strip 

should have about 15 «ie„s -in 1 .‘''■'I ' s'llntinn. ■Clu; wihIh 
oonipleieiy the lai-g„“ ^;' t,, onver 

"'hon given the pi-oV>e,. M;,, " l‘'>lcle,- used. 

useTtapittS'^ “ 

is also°SeftH„‘'fasTs”»h^ ,lovol„p,.,,. netivity 

— =>hg aolutiona 
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FIGURE 43. FILM STREAKING 



FIGURE 44. STEP WEDGE 
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Strips are developed for a series of times, and the de- 
velopment time which gives a strip naatching the one 
developed at 680F (200C) in the fresh solution is used 
for routine work. 

d. Arresting Development. 


( 1 ) 


When development is complete, the films should be renaovecl 
from the developer, allowed to drain for 1 or 2 seconds 

activh? ^ stop bath to arrest developer 

kent nm developer draining from the films should be 

rinse in frp=:h of draining, a few seconds' 

iinse in fresh, running water may be used prior to insertinn 






least^two^minu^rr^h^^ia^K ^ rinse in running water for 
flxing should not be used fo A"his“rta,l" 


the image . 
(^) General, 


\a/ 


(b) 


silver salts of the^emuls^o undGvelC|jv;u 

veloped silver as aTerm^ cle- 

another function of ^ ^ image. The fixer has 

film withstandoVubaLuo^rf ‘l'<’ 

a relatively tresh fixing bathVhr^' fixing time in 

axoeed 15 minutes' mJLt^V en ' 
sities may occur. ' loss of low den- 

The films should bo j . 

placed in the fixer and at^l when first 

the course of fixing. Thfs whf- ^ ^^tiring 

of the chemicals. The exact fi action 

films depends upon the tvn^ X-ray 

of the fixing solution and th« f ^rand) and condition 
Roughly, the time of'fSl^" bath. 

0-50) in a bath ma4lTn:i ft 68^/ 

10 minutes. The fixing bath shn m from 3 to 

the same temperature Is thi hI maintained at 

tween 65oF (igoc) and 70oF 

not over 750 F (24oc). '^fuC), and in any event 

of fixer sn1nHrv^„ r) • 

aaKS'g‘ad"'n " 

wnich gradually inhibit 
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its ability to dissolve the unexposed silver salts from the 
emulsion, Also^ the fixer solution becomes diluted by 
rinse water or stop bath carried over to it by the film. As 
a result, the rate of fixing decreases, and the hardening 
action is. impaired. This dilution can be partially prevented 
by thorough draining of films before their immersion in 
the fixer, and, if desired, the fixing ability can be restored 
by replenishment of the fixer solutions. 

f, Washing, 

(1) X-ray films should be washed in running water so circulated 
that the entire emulsion area will receive frequent changes. 
For proper washing, the bar of the hanger and the top clips 
should always be covered completely by the running water. 

(2) Efficient washing of the film depends both on a sufficient 
flow of water to carry the fixer away rapidly, and on ade- 
quate time to allow the fixer to diffuse from the film; the 
hourly flow of water should be from 4 to 8 times the volume 
of the tank; the time of rinsing should follow manufacturers' 
recommendations . 

£■ 

(1) Where only a small number of films are processed daily, 
racks for holding hangers during drying are commercially 
available. The films should be suspended to obviate the 
danger of striking the radiographs while they are wet, or 
spattering water on the drying surfaces, which would cause 
spots on them. Radiographs dry best in warm, dry air 
that is changing constantly. 

(2) Where a considerable number of films are to be processed, 
suitable dryers with built-in fans, filters, and heaters or 
desiccants are commercially available. 

h. Filing Radiographs . After the radiograph is dry, it is prepared 
for. filing by trimming the pointed corners and the sharp projections 
that are caused by the film-hanger clips. When the corners have been 
trimmed, the radiographs should be placed in a heavy manila envelope 
of proper size, and all of the essential identification data should be 
written on the envelope, so it can be easily handled and filed. 

38. FILM DEFECTS 

a. Defects, spots, and marks of many kinds occur if the preceding 
general processing rules are not carefully followed. Perhaps the most 
common processing defect is a streakiness or mottle in areas which 
received a uniform exposure. This unevenness may be a result of; 
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(1) Failure to agitate the films sufficiently during processing. 

(2) The use of too many hangers in a tank resulting in inadequati 
spacing between films, 

(3) Insufficient rinsing between processing steps. 

(4) The use of depleted solutions. 

b. Other characteristic marks are; (1) dark spots caused by the 
spattering of developer solution, static electric discharges, and finger 
marks; and (2) dark streaks occurring when the developer- saturated 
film is inspected for a prolonged time before a safelight lamp. When 
it is possible to avoid it, films should never be examined at length until 
they have been dried. 


c. Fog is an undesirable development of silver salts due to causes 
other than those affected by radiation during exposure and is a great 
source of annoyance. It may be caused by accidental exposure to light. 
X-rays, or radioactive substances; contaminated developer solution; 
development at too high a temperature; or by keeping films under im- 
proper storage conditions or beyond its normal shelf life. A common 
occurrence is accidental exposure of the film to X-radiation, because 
of insufficient protection from high-voltage tubes; films have been 
ogged through 1/8 inch of lead in a room 50 feet or more from the tube. 


d Figure 45 shows typical film defects resulting froin 
handling or processing of X-ray films. 


improper 


39. THE PROCESSING ROOM 


location, design, and construction of the X-rav orocessimr 

installation ot adequate'/acSoBt-: 

for Individual acUvit^!^ may be a single room, or a series of rooms 
the work performed amount and character of 

for the of these room.s 

general and de&iled leatu^; sh^nl?^''® of X-ray films, both their 
When planning reflects care and fn ^ most thoughtfully worked out. 

offset by ease of operation imnrnJl^^^^S o^fort expended is soon 
costs. ‘ ^ production, and low maintenance 

the'processing faciUtl^s^ ^to^he^^'°”^ radiographic room, through 

smooth operation requiring the wTsV® "" simple yet 

motions. The routing canVe^xpJ^ite/^^'^^^ unnecessary 

tion within the department of the^lnn ^ properly planning the loca- 
and by efficient arrangement of ejirpm^^t'^"" processing, 
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The use of hangers which have not 
been adequately washed free of pro- 
cessing solution can cause severe 
streaks on the next films developed 
with such hangers. Continuation of 
such practice may so contaminate 
the developer that stained radio- 
graphs and shortened developer 
life result. 



"Crimp marks" resulting from poor 
handling of individual sheets of film 
before exposure (left) and after 
exposure (right) . 



Light spots are caused by stop bath 
(left) or fixer (right) splashed on 
film before development. 



The words "Front" and "Back" were 
scratched in the surface of front and 
back lead foil screens before radio- 
graphing a 1 - inch welded steel plate. 
Hairs placed between the respective 
screens and the film show as light 
marks preceding the scribed words. 



Static marks resulting from poor 
film - handling technic. Static marks 
may also be treelike or branching, 



Dark spots are caused by water (lef 
or development (right) splashed on 
film before development. 


FIGURE 45. TYPICAL FILM DEFECTS CAUSED BY 
IMPROPER PROCESSING 
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CHAPTER 5 

OTHER RADIOGRAPHIC TECHNIQUES 


Section I. FLUOROSCOPY 

40. GENERAL 

a^. Fluoroscopy is the conversion of X-ray patterns to visible light. 
Direct fluoroscopy is relatively fast and inexpensive and is in wide- 
spread use despite certain disadvantages. It is generally used to scan 
a product for gross internal discontinuities or abnormal conditions. 

The advantages of this inspection system are: 

(1) An instantaneous visualization of the X-ray shadowgraph, 

(2) The cost of inspection is materially less than radiography 
when calculated on a per unit basis. 

(3) The systern is fast and can be easily adapted to factory 
production lines , 

(4) Operators are easily trained. 

The disadvantages of this inspection system are; 

(1) It gives relatively poor sensitivity. 

(2) It depends greatly on human vision, 

41. FLUOROSCOPIC COMPONENTS 

The limitation of fluoroscopy can best be understood by analyzing 
the components of a fluoroscopic system. The principal parts of a 
fluoroscopic unit are: (1) X-Ray Generator; (2) X-Ray Sensitive Screen; 
and (3) X-Ray Barrier, 

b. Test brightness is the direct function of X-ray intensity at a 
given kilovoltage. This characteristic limits the image contrast of 
fluoroscopy to something less than that obtained with industrial film, 
since the film responds to X-rays on a logarithmic scale. 

Tests have been conducted which indicate there is no advantage 
in half-wave equipment over a, full -wave generator. The eye sees 
average light and integrates the illumination from the screen over a 
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given time interval. Because of this characteristic and the fast res- 
ponse of the screen in following the frequency of the X-ray cycle, there 
is no advantage in either pulsed or constant potential X-ray equipment 
for fluoroscopic generators. Incidentally, since X-ray energy at the 
screen determines its brightness, radioisotopes have not been success- 
fully applied to fluoroscopy, 

d. Fluoroscopic sensitivity is a function of X-ray image contrast 
ancfthe resolving power of the entire system. The resolving power of 
fliaoroscopy is a function of the screen grain size and the geometry. 
Figure 46 shows the minimum defect visible for various X-ray tubes 
on the same screen. This data is calculated by an empirical formula 
based on the unsharpness of the fluoroscopic image. A reduction in 
focal spot size improves the sensitivity within limits if this magnifica- 
tion is used correctly. 

e. A reduction of inherent filtration in the X-ray beam improves 
the~contrast and increases the brightness. This effect is most easily 
seen on light alloy materials with an equivalent thickness less than 
one-half inch of aluminum. For thicker sections of aluminum, the ad- 
vantage of the beryllium window is reduced because of the absorption 
of radiation in the object. 

f_. The response of fluoroscopic screens to various X-ray voltages 
indicates a peak at approximately 100 kvp. Figure 47 indicates the 
relative brightness of various commercially available screens versus 
peak kilovolts. This accounts for the ineffective application of fluoros- 
copy at voltages above 160 kvp. The curves also indicate the difference 
in light output of screens due to the grain size. In effect, the larger 
the grain size the greater the light output and the poorer the resolving 
power. 

Fluoroscopic screens are available with a grain size which will 
allow a presentation of approximately one to two lines per millimeter. 
This compares with approximately 30 to 40 lines per millimeter with 
radiography, using lead screens and a high speed film. Because of 
this screen characteristic, the only alternative for improvement of 
sensitivity is by magnification of the image produced by a small focal 
spot X-ray tube. The low light output of the fluoroscopic screen and 
the relatively large grain size continue to be a limitation of industrial 
fluoroscopy. 

h. The sensitivity of the fluoroscopic inspection has been the 
limiting factor in its universal application. In general, with standard 
squipment, a sensitivity of six to eight percent is obtained, 
screens and tubes with small focal spots of less than one 
sensitivities of three percent have been reported. 
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MAGNIFICATION 


E 4fj. MINIMIIM DEFECT VS MAGNIFICATION 
FOR VARIOUS SIZE FOCAL SPOTS 



KILOVOLTS PEAK 

figure 47. RELATIVE BRIGHTNESS VS KILOVOLTS 
PEAK I?' OR VARIOUS SCREENS 
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42. VISUAL ASPECTS 


a. The eye is the sole registering medium in fluoroscopy, and as 
a registering device lacks accuracy. Vision is a variable thing con- 
sidered from the standpoint of a single individual and is much more of 

a variable when considered from the standpoint of a number of individuals, 

b. In figure 48 the horizontal lines are straight and parallel. The 
diagonal lines cause an entirely different visual effect. From this it 
will be seen that vision is not reliable in its recording of shapes and 
distances. The configuration and surroundings may alter the visual 
impression, 


bright object or area appears brighter when viewed against a 
dark field. Conversely, the object will appear darker than it really is 
when the surrounding area is comparatively brighter. This is demon- 
strated in figure 49 in which the "V" on the left is actually the same 
brightness as that on the right. These, and many other illusions, must 
be recognized in any fluoroscopic evaluation* 

• 1 , -* . niiist accommodate itself to the brightness of 

Illumination to see effectively. This accounts for the seeming blind- 
ness experienced when entering an area of subdued lighting from bright 

sltstL fo:rr,T''f^ accommodation there is^robabTy'o 
un^fth ^ total darkness. Fluoroscopy should not be attempted 

dark-adantiortat 20 minutes in total darkness. If 

period of time is necL^s'a^ry” ^If lVer^orof20^minu^^^^^ ’ 

be^spent in the developing room, this could serve^Tl^the^L^k-Lirptii 


conscious oJsizethXan^y other 7ac\o^^^^^ are usually more 

ject that can be seen undJr a given size of an ob- 

hold size. This varies greafifr rt conditions is called the thres- 

tween the immediate baclcgrojind l^dThe^d® contrast be- 

varies with the level of brightne^ss Fot t ^ examined. It also 

visual size is maximum whL the line nf viewing distance, the 

plane in which the object lies For a P®^Pendicular to the 

fixed physical size anfAxed ^ewlL dtl .^®®uming an object of 

of 900 can be had only by increasing^ the c^^al to that 

times. This can be translated tnmV^ illumination level by 2 - 1/2 
of 2-1/2 times in tube current. uoroscopic factors by an increase 

difficulty inSi^ngm^sMng^'bH individuals have no 

where these differences are af small fs between adjacent areas 

decreases below daylight levels the brightness 

become greater and variations betweeTr.?''^ Perceptible differences 
nounced. As the brightness «. '^/’^‘^^viduals become more pro- 

m brightness levels must be greif^fn^” ditterenoe 

no greater If the eye is to detect 
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The horizontal lines are straight and parallel. 
The diagonal lines cause an entirely different 
visual effect. 

FIGURE 48. OPTICAL ILLUSION 



A bright object appears brighter when viewed 
against a dark field. The V on the left is 
actually of the same brightness as that on 
the right. 

FIGURE 49. BRIGHTNESS EFFECT 
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a difference, A contrast of 30 to 100 percent must be present to be 
readily visible at brightness levels used in fluoroscopy. 


Section II. TELEVISION RADIOGRAPHY 


43. GENERAL 

a. The need for an increase in brightness of the X-ray fluoroscopic 
image has long been recognized. This problem is unusual in that a 
minimum gain is sufficient. Once this gain is exceeded, the only 
possible limit on the detail is then set by the X-ray beam itself. A 
general figure for this gain in response sensitivity appears to be close 
to 100 times. Any increase above this factor merely makes for more 
comfortable viewing of the image by the eye. 

■ a^roaches have been made to the problem of X-ray imaue 

.nlonsiLcation, One of these ie the uee of telavieion pick-up or etL- 
lonic scanning methods. This approaches capable of supplyino sut- 
f.c.ent gain so that the information contained in the X-ray ^“ti itself 

44. THE X-RAY SENSITIVE TELEVISION IMAGING SYSTEM 

spe-etiofofmTs^si!rcte''wan.“,‘‘;'=" for the in- 

use of closed-circuit television f '"v been developed. The 

of instantaneous image reproduction a^nd 0 ^^®^ ® advantages 

personnel from exposure to ion’ • ’ of protection for observing 

viewing system of X-rav radiations. An instantaneous 

production inspection costs ^Eil ‘^°’^®f'^®^able reduction in 

ultimate metlwd for visualizing ^ which has been the 
high resolution and contrast sensitivitv^VfJtr' advantage of 

time-consuming and expensive. The television being 

provides images equivalent to best fine ^ system 

system uses a small- diameter X radiographic film. This 

to detect X-radiations which penetrate television camera tube 

fig. 50). With a small- diameter inspection 

large-diameter picture- tubTecrLu‘"Thf-;T-! ‘he 

an amount e,ual fo the ratio of theTr' rtpfc'C 

size and appearance to the^<SSventioni^^>f V similar in physical 

materials P^°*°®°^ductive vidicon tube, 
desired response to the nenetrati employed to provide 

windn^^*^ g^ass windows of various thiciT^ nation. Tubes have been 
than riass tubes have and with beryllium 

Ifumfi o?Ci„tTen.Tr? aaLitivity 

ays. Tube windows of 0. 090 to 0. 065 

0 inch thick glass have 
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FIGURE 50. RELATIVE POSITIONS OF X - RAY SOURCE, 
TEST SPECIMEN, AND TELEVISION CAMERA 
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been used. The tube transforms the X-ray image into an electrical 
signal in a manner similar to that by which the light sensitive viclicon 
tube transforms an optical image into an electrical signal. 

The system is ideally suited to the inspection of electronic- 
printed board assemblies. Small components magnified 30 times are 
easily-visualized on the television screen. Conditions such as solder 
porosity, lack of solder in terminals, porosity in semiconductors, 
contamination of diodes, partially broken wires, and breaks in copper 
conductors on printed- circuit boards are easily visualized. Other 
small enclosed assemblies, such as wrist watches or relays, can be 
inspected to observe the movement of gears, springs, ratchets, and 
contacts. Material thicknesses are limited to 1/2 inch of steel. 

Section III. XERORADIOGRAPHY 


45. GENERAL 

stafics^ThrX-°vr^^^ ^ combination of X-radiography and electro- 
thp navf a 1 equipment supplies the rays necessary to penetrate 

O! a backing, usuall^ al„„„„nj^, whlrha, S:en7iv‘'enTc''o“rnr"*"'' 

a7TL7dr„ :! «‘r.kiic” ct pt 

tion the chat'grdecara of dlf 

tenaity of the radiation ,o wLh tt ie IroL'd ‘he in- 

radiatton produce the X-ray picture on the chaj^g^l ^faTe 

Figure 53®7howS a ^am^le'xe^rSdi^a^rh’^* 
varioue etepe involved 

PROCEDURE 


on, 
ates the 


46 


The following procedure le need in making a xeroradlograpKlc Inraget 

body, make it e^ie'r to^haSl? ^"and to^nr ‘n B*''® it 

holding the cover slide. This assemhl ^ method of 

pnt in a charging frame. Then a cTarHtT"?®''- 
plate, spraying an electron charge on tL passed over the 

^ - P-t on, and the plate assembly 

X-Fays pasrthrTugt the'^partTeYng^tilt^^'' cassette. The 

pose the plate by decaying the cha? and the cover slide, to ex- 

reachiSe^tV^^i®'^ amount and thickness and density 

UonaLtnM ® Th® amount S clmr "V .. ^^® radiation ^ 

tional to the .ntenaity of the X-ray 'ho piate la propor- 
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FIGURE 52. TYPICAL XERORADIOGRAPHIC INSTALLATION 
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* photoconductive 

"" sensitised by receiving 

radio/raphy^^Ch^aree^o conventional 

leaks^awa/almost nron plate 

X- radiatiL Hhlh lus 
3 -lfentelectrortatic iL:g:r"°^""’ 

chafed p^der negatively- 

charged Leas Dens-tv t/"®' P°^itively- 

of charge, jjmaee -an h amount 

on film record, or "priLe^d'^n'^ directly, copied 
i. Print can be made by presL^''/^P®''; 

coated paper on Dlat#> K special plastic- 

Plate is"^ transferred 

fixed permanently by annlvi image, 

plate can be "eraspHn ^ heat. Image on 
afte. whi=h 


figure 54. 


processino op-xeroradiograph 
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£. After exposure, the latent image is rendered visible by dusting 
with a negatively-charged powder which is attracted to the positively- 
charged areas. The charged areas of the plate attract the powder in 
proportion to the amount of charge remaining, and so present a picture 
of the part. The powder prevents further exposure to light and con- 
sequent decay of the remaining charge when the plate is removed from 
the developing unit. 

d. The developed picture is interpreted the same as an X-ray or 
fluoroscope indication. The plate must be handled carefully to prevent 
anything from touching its surface and disturbing the powder. To pro- 
vide a permanent record a print can be made by pressing a special 
plastic-coated paper on the plate with rollers. Powder from the plate 
is transferred, providing a positive image. This image is fixed per- 
manently by applying heat. 

After the plate has served its purpose, it is brushed clean of 
powder so that it can be recharged and reused. To help get rid of any 
residual charge and the holdover image, the plate is put in a special 
unit which discharges or relaxes it. 

47. UNDERCUTTING 

Undercutting is one of the exposure problems encountered in xero- 
ra.diography. This is caused by ionization in the air space between the 
cover slide and the plate. During exposure, discharge occurs at varying 
rates over the plate surface. This causes discharge patterns that 
create small electrical eddies. To eliminate this, a d-c voltage is 
applied between the cover slide and the plate to attract negative ions to 
the cover slide. 


Section IV. STEREORADIOGRAPHY 


48 . GENERAL 

a. Objects viewed with a normal pair of eyes appear in their true 
perspective and in their correct spatial relation to each other largely 
because of man's natural stereoscopic vision; each eye receives a 
slightly different view and the two images are combined by the brain 
to give the impression of three dimensions. 

b. A single radiographic image does not possess perspective. There- 
fore, it cannot give the impression of depth, or indicate clearly the re- 
lative positions of various parts of the object along the direction of 
vision, The stereoscopic method, designed to overcome this deficiency 
of a single radiograph, requires two radiographs made from two posi- 
tions of the X-ray tube, separated by the normal inter pupillary dis- 
tance. They are viewed in a stereoscope, a device which, by an ar- 
rangement of prisms or mirrors, permits each eye to see but a single 
one of the pair of stereoradiographs. As in ordinary vision, the brain 
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fuses the two images into one in which the vai’ious parts stand out in 
striking relief in their true perspective and in their correct spatial 
relation, 

c. I he radiograph exposed in the right- shift position of the X-ray 
tube IS viewed by the right eye, and the one exposed in the left-shift 
position IS viewed by the left eye. In fact, the conditions of viewing 
the radiographs should be exactly analogous to the conditions under 
which they were exposed; the two eyes take the place of the two posi- 
tions ot the focal spot of the X-ray tube, and the radiographs, as 

oecTto 

Lposures respect to the tube during the 

thp V a f K ®ee the X-ray representation of the part just as 

the X-ray tube "saw" the actual part (fig. 55), ^ 

utilized in industrial 

o ' ta vi3, '' — Worable valuo in local- 

Structures. ' ualiajing the spatial arrangements of hidden 

49. DOUBLE EXPOSURE (PARALLAX) METHOD 

meFhod. \ead markers*^(M^,)*arul IM double exposure (parallax) 
back, respectively, of the specimen fastened to the front and 

tube being moved a known distance fal e^osures are made, the 

them. The position of the imaapo nf in 1^ ^^d (F 2 ) between 

very little, parhap^^percTpti^T/^^" will change 

while the shadows of the flaw^ anH^^ 1 ,^ shift,' 

a larger amount. marker (Mj) will change position by 

on Fhe same film. (On^expo's^Jre'''W exposures may be made 

somewhat with the visibilitrof detal^f T." T!"’ interfering 

the film plane is given by the equatioV '^^®iance of the flaw above 


d =-^ 
a+b 

»!■»= d = di,ia„ca 01 the flaw above the 11.™ 
a = tube shift 

b = change in position of flaw image 

t = focus -film distance 

of the markers (M 2 ) are 
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FIGURE 55. STEREOSCOPIC RADIOGRAPHY 



FIGURE 56. PARALLAX TECHNIQUE 
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superimposed and the shift of the flaw image is measured. The equa- 
tion given in the preceding paragraph is then applied to determine the 
nistanc<? of the llaw from the film. 


■ T.i sufficient to know which of the two surfaces of the 

"r,-.-!" T '' the images of 

s k t th-! K If the shift of the flaw image 

dh nl- marker (Mj), the flaw is nearer the 

aim pkme, u greater than one half, it is nearer the plane of marker 


Section V. NEUTRON RADIOGRAPHY 

oO. GENERAL 

h^r^rSl'^ppHeaHonra^d technique but It does 

m areas which do not normallv lend t-v, ^ P^°mise for increased use 
spection. For example, Tneutron themselves to other means of in- 

of waxed string in a two-inch thick le^'^rWock^ ^ 


51. 


neutron sources 


of neutron sources can be convenient! possible, the different types 
!’‘^^>rces, ( 2 ) accelerators anr( 3 ) S radioactive 

miage resolution, the source should To obtain good 

Buierabr^r so that objects c^rf b”^^^ ^ small area or 

sourrn t between source and fil ^ .^’^‘^^“graphed with a con- 

»;■«?„ ‘-'r, ^ “T- 

P?rt?c"„lari7 Th'"*"® fadialion bclm'ahould 

"“lariy, the ■■«l»ofgammatD neu,S^„^Hl“;.“ radiation). 

=2- vmE,„o NBUTRON radiations 

-no^tnal 

"aiiVSettes 

Materia, e tvh“h u^on .I!!” = PhptogLphi- 


«i.y do^c.-hrr\Xt™h“'*‘°” e 

knve":t7«t 'aVfor tuTh ” ’’''t radia'tToTf ' ' " 

raacem raaterUir/ lithium or bop^ “'•'''^ification (i a 

gamma rayp,, and ei”e' “J'’!'* ““td vieiMe light paS''““" ^*“°- 

-rhtodatehl ; 

ape relatively opaque to X- 



AMCR 715-501 
Volume 1 


fELys, for low density materia-ls relatively transparent to X-rays, and 
for materials composed of elements having similar atomic weights. 


Section VI, FLASH RADIOGRAPHY 

53, GENERAL 

The development of flash radiography makes it possible to inspect high 
Speed events in opaque materials. This type of inspection is primarily 
in support of development efforts such as gathering information rela- 
tive to ballistic, explosive, or rupture processes. 

Equipment is available which is capable of producing 10? roentgens 
per second (at tube surface) in short bursts on the order of 0. 2 micros 
Seconds and at energies of 300 hv. Similar equipment is designed for 
Operating at energies as high as 600 lev. Electrons are obtained via a 
cold cathode using the field emission principlcj and the accelerating 
potential is built up and released in a burst of energy. Power dissipa- 
tion reaches several hundred megawatts with a current flow of between 
one and two thousand amperes. Effective focal spot sizes are on the 
Order of several millimetei's wide and generally have a length seveia 
times greater than their width. Although the X-rays are developed in 
fractional microsecond bursts and therefore are capable of arresting 
motions having velocities of many thousand feet per second^ the re- 
cycling time is normally several minutes which precludes effective 
cine-radiography. However^ several such X- ray tubes positioned 
correctly can be pulsed sequentially to obtain progressive information, 
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CHAPTER 6 

RADIOISOTOPE OR GAMMA RADIOGRAPHY 


Section I. GENERAL 


54. GENERAL 

a. The development of industrial radiography has centered around 
such available radiation sources as X-ray machines and radium, How^- 
ever, not all the smaller foundries and manufacturing facilities can 
afford this equipment. Radioisotopes of certain of the elements, be- 
cause of their low cost and wide energy range, have to a large extent 
displaced radium as a radiographic energy source. Radioisotopes are 
inexpensive when compared with the cost of equivalent X-ray equipment. 
It should be pointed out that the sensitivity of radiographs made using 
X-rays is superior to the sensitivity of those made using radioisotopes, 
but, there are many applications where sensitivity requirernents can 

be met using radioisotopes. It therefore behooves engineering and in- 
spection personnel to become familiar with the more common radio- 
isotopes available. 

b. Prior to the development of the atomic reactor, radium was the 
main source of radiation used in gamma radiography. Radium, how- 
ever, was very scarce and very expensive. Now, many different low- 
cost radioisotopes are available. These isotopes are by-products pro- 
duced in atomic reactors. 

55. PROPERTIES OF GAMMA RADIATION 

a. Since radioisotopes emit gamma rays, it would be well to discuss 
some of the properties of these rays. Gamma rays are penetrating 
rays of nuclear origin. They differ from X-rays only in their origin 
and, therefore, have the same valuable characteristics as X-rays. 

Their wavelengths are about the same as X-rays produced by one and 
two million volt units. The intensity of gamma rays is proportional to 
the size or volume of the source. Doubling the source size will double 
the intensity of the rays. The intensity is also called the specific ac- 
tivity and is measured in millicuries. One millicurie is equal to the 
intensity of gamma rays emitted by one-milligram of radium, 

b. The chief characteristics of gamma rays which are of particular 
interest in industrial radiography are listed below; gamma rays are; 

(1) Differentially absorbed by all material, 

(2) Capable of ionization. 


99 



AMCR 715-501 
Volume 1 


(3) Capable of blackening photographic film. 

(4) Propagated in straight lines and not affected by electric or 
magnetic fields. 

56. ABSORPTION AND SCATTERING 


a^. Gamma rays behave the same as X-rays when they strike an 
object. ^ Some of the gamma radiation will pass through the object^ 
sonie will be absorbed, while some will be scattered. The absorption 
of the gamma rays will depend on the same factors that influence ab- 
sorption of X-rays, namely: 


{!) The atomic number of the material, 

(2) The density of the material. 

(3) The thickness of the material. 

(4) The wavelength of the radiation. 


rbA factors will result in an increase of 

ting power, .here ie to/e icatt^ring';' P-etra- 


57, IONIZATION 


parties oFmatSrthafhlv r^"^^^ ionisation; that is, 

means by wh^ch rad ^^i® i^ one 

gas is en'l.rosed and ^ ^ 

trons are knocked away from an atom so nJLTk elec- 

available. If these electrons are attracted m electrons 

anode, which maybe located reni-vaii ■ ^ positively charged 

be a current flow. Current flow inrl’ ^ volume of gas, there will 

=«an. upon .ho voln„rorgl '°Vht'.;«Ld 

ionization chambers. ^ method of detection is used in 


S8. FILM BLACKENING BY GAMMA RAYS 


the latent image is rl^L - image is produced. Upon 
and development procedure is treated in Chapter^ 4 ^® characteristic 

r\ ^ 


59. OTHER CHARACTERISTICS 


Two other characteristics enable 

fields environmental carried out 

Dossihl arranging of th Propagation of radiation 

possible geometrical arrangemen?- gam^ ^^Posure in the simplest 

g ent. gamma source-object-film in a line. 
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a. Elements with the same atomic number but with different atomic 
weights are called isotopes. Some isotopes are stable; others are un- 
stable, or radioactive. For instance, carbon has an atomic weight of 
12, An isotope called Carbon 14 is two units heavier than ordinary 
carbon. Carbon 14 is also radioactive and is called a radioisotope. 

With the exception of the two differences just mentioned. Carbon 14 
and Carbon 12 are identical. 

b, A radioisotope is one in which the nuclei of the atoms disinter 
gr^e. The disintegration (decay) of the nuclei proceeds with the emis- 
sion of alpha or beta particles; accompanying the decay, generally 
with the beta particle, is a gamma ray. It is those isotopes that emit 
gamma rays that are of value in radiography. 

61. PRODUCTION OF ISOTOPES 

a. Isotopes are produced by bombarding the atoms of an element 
with neutrons. The first isotopes were produced in the 1930's by a 
unit called the Cyclotron. The Cyclotron is a device that shoots neu- 
trons into the atoms of an element at tremendously high speeds. The 
neutrons strike the nuclei with such force that the structure of the 
element is changed. Sometimes this change will produce an entirely 
different element. This process is called transmutation and was the 
goal of alchemists who tried to convert different materials^ to gold. 

The Cyclotron, however, was a slow method of producing isotopes. ^ 

The neutron flow in an atomic reactor is many times that produced in 
a Cyclotron. Since the spaces between atoms are vast compared to 
the size of a neutron, many millions of neutrons must be forced to 
flow each second. Today, isotopes in large quantities are produced as 
by-products of the atomic reactors, 

b. The element to be activated is first placed in the reactor so that 
it will be exposed to the neutron stream. There are then three possible 
reactions that may occur. One process is for the neutron to be ab- 
sorbed as it sti'ikes the nucleus. This will produce an isotope t at is 
heavier than the original element. Another possibility is that the 
speeding neutron will knock some fragments out of the nucleus as they 
collide. This will produce an isotope that is lighter than the original 
element. The third process is called fission (the splitting of an atom). 

If U-235 is bombarded with neutrons, it (the U-235) will split and pro- 
duce two lighter isotopes. Not all isotopes will emit gamma ^ays; 
therefore, only the more common ones used in radiography will be 
considered, 

62. HALF-LIFE VALUE 

a. The half-life value (HLV) of an isotope is important in determining 
its "value as a source of gamma rays. As a radioisotope emits radia- 
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tioHj it decays, and the radiation intensity diminishes with the passin/^ 
of time. The time required for the intensity to be reduced to 1 /2 its 
original value is called the half-life value of the isotope. 

Radioactive decay is essentially random in character and is 
kinetically a first-order process; i. e., one in which the rate of decay 
depends only upon the number of decaying atoms present. Each decay 
process is thus governed by the expression; 


-dn 

dt 


Xn 


where n is the number of atoms of the species present, and A, i.s a 
decay constant characteristic of that species. Integration of this c;x- 
pression and evaluation of the time necessary for one -half of the atoms 
present initially to decompose {i.e,, the half-life value) gives; 




c. The activity of a radioactive source is measured by its disintocra- 
:on ratao The curie is the unit of measurement of sourc^e activiJr 
nd IS defined as the quantity of any radioactive material that has a 

® 3. 7x10^0 disintegrations per unit time. Radia- 

hon IS measured in roentgens per unit of time, and one method of 

strength is by specifying the radiation output in 
roentgens per hour at one meter. ^ 

radiography/^ half lives of the isotopes commonly used in 


Table IX. HALF LIVES OF COMMONLY USED RADIOISOTOPES 


Source 

Half-Life 

(1) Radium 

1600 years 

{2) Cobalt 60 

5. 3 years 

(3) Iridium 192 

73 days 

(4) Cesium 137 

33 years 

(5) Thulium 170 

127 days 
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Section II. COMMERCIALLY AVAILABLE GAMMA RAY SOURCES 

63. GENERAL 

a, It was explained earlier that the focal spot of an X-ray is that 
area on the target which is bombarded by the electron stream origina- 
ting from the filament. The effective focal spot is smaller than the 
actual focal spot because of the downward orientation of the X-ray 
beam due to the angular cut of the target material. 

b, In isotope radiography, the focal spot of an isotope is the 
actual physical area. For example, an isotope maybe a l/8-inch cube 
or a rectangle 3/16 x 1/8. Most isotopes used for radiography are 
cubes where each side is equal. In cases where the length of an isotope 
is greater than the width, the smallest dimension or area should be 
parallel to the work being radiographed, if the resulting radiograph is 
to be sharply defined. The geometric principles of penumbra apply to 
radioisotopes as well as to X-rays, 

64. RADIUM 

a. Radium is a naturally occurring radioactive material and con- 
sequently was the first element used for gamma radiography. It has a 
half-life of approximately 1600 years and for practical purposes may 
be assumed to emit radiation at a constant rate. Actually, the radium 
itself does not emit gamma rays, but decomposes into a gas. This 
gas, called radon, also decomposes; as it decomposes, it emits gamma 
rays. Radon has a half-life of only 3. 85 days. The amount of gamma 
rays given off is directly proportional to the quantity of radon. The 
radium itself is contained in a gas-tight capsule. This prevents the 
radon gas from escaping and establishes a state of dynamic equilibrium, 
with the rate of formation of radon just equal to the rate of decomposi- 
tion of radon. It is this dynamic equilibrium that enables gamma rays 
to be given off at a constant rate. 

b. Pure radium is not used in radiography. Radium sulphate is 
commonly used. The shape of the source depends on its size. Small 
sources are usually spherical in shape while the larger ones are cylin- 
drical. It should be emphasized again that with a cylindrical source, 

it is important that the smallest surface of the capsule point at the ob- 
ject being radiographed. This surface represents the focal spot, and 
the smaller the focal spot, the greater is the definition obtained. 

c. The cost of radium is extremely high, making its use limited, 
but it is possible to rent radium at a reasonable cost. 

65. COBALT 60 

a The half-life of Cobalt 60 is relatively short when compared with 
radium. Its half-life of 5. 3 years cannot be considered as a constant 
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source strength, at least from the radiographer's standpoint Tlu* 
correction of the source strength factor at intervals of six months 
be sufficiently accurate. Table X shows the decay rate for int^i vUs 
of SIX months up to its half-life value after 5 25 years "’-civdls 


Table X. COBALT 60 DECAY RATE 


Life (Month s ) 


Source Strength 


6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

63 


0, 9366 
0. 8772 
0.8220 
0.7695 
0. 7211 
0. 6757 
0. 6325 
0. 5927 
0. 5549 
0. 5200 
0. 5000 


“irlS’f" 

j g Specific activity, and sixiall source size TVip 

the aou.ce at.ength flgu.e and 

be ^amma .ay aou.cc al.„„. 

this aiee, app.LimatalTl^ uL ' ^ ^ith a aou.cc of 

would be'.e^u"l.ed .o «*'" 

lonierTomc\°^trf?l^^^^ 

result in better c!enai>n.,-+ utilized. This practice will 

larger source. Sources o^l l! 000°curies‘'oYcobart'’6rrd‘ l”'' 
now available for heavy work. ^ Cobalt 60 and larger are 

with Cobalt 6o! ^Better^re^s^^r^ not be radiographed 

Cobalt 60 emits eamma ra-i r u obtained on larger thicknesses, 

uiev. The use of a lO-n ^ a^ving energies of approximately I, 25 
the levels shown in taWe XI the time of exposure down to 

being „aedi„„ apeed flip, and a 20-SroutT-"o'‘/mrrtr„?^^^^ 
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Table XI, STEEL EXPOSURE CHART FOR COBALT 60, 
10- CURIE SOURCE 


Steel Thickness 
(Inches) 

Exposure 

Time 

1 

24 seconds 

2 

3 minutes 

3 

13 minutes 

4 

44 minutes 

5 

4 hours 

6 

6 hours 


66. IRIDIUM 192 

The most promising isotope for radiography of thinner materials appears 
to be Iridium 192. This is due to its very high specific activity and its 
extremely small source size, A two-curie source of Iridium 192 which 
measures only 1 mm x 1 mm may be procured. This isotope is relati- 
vely inexpensive and easily obtainable. The disadvantage of its short 
half-life of 73 days does not appear to be too critical to prohibit its use. 
For a thickness range of 1/4 to 1-1/2 inches, the defect sensitivity is 
extremely good and far in advance of Cobalt 60 or Cesium 137, Iridium 
192 produces soft rays comparable to those produced by X-ray tubes op- 
erating from 220 kv to 400 kv. Sensitivities of 2 percent have been easily 
obtained. It possesses high specific activity but relatively low energy. 


67. CESIUM 137 


a The specific activity or intensity of Cesium 137 is lower than 
thaFobtained with Cobalt 60. This factor will of course tend to increase 
the source size and reduce the thickness levels of materials to be ex- 
amined. Cesium 137 is most effective in the thickness range o o 
2-1/2 inches of steel. Fine grain films with large source-to-film dis- 
tances are required to obtain the desired sensitivity. 


b. Cesium 137 has a long half-life value of 33 years and produces 
results comparable to the one-million volt X-ray unit; however, it has 
no speed advantage over Iridium 192 and is actually slower than Cobalt 
60. Iridium 192 has better sensitivity at thicknesses less than one 
inch, and it is believed that Cobalt 60 can do equally as well as Cesium 
137 at thicknesses of from 1 to 3 inches. At thicknesses over 3 
Cobalt 60 is superior, 

c. Cesium 137 has a gamma ray output of 0. 39 roentgen per Wr 
pei"curie at a distance of one meter from the source _ An indication 
of its slowness is shown by the fact that in using a ^0 -inch source-to- 
film distance with a 0. 5-inch thickness of steel, an exposure time of 
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appi'oximately 0. 8 hours would be required to obtain a density of 2. 0 
with a 225-millicurie source. 

68. THULIUM 170 

Thulium 170 is now available for radiographing very thin sections of 
materials which could not be radiographed with other radioisotopes. 

The present disadvantage of Thulium 170 is that it is extremely costly. 
Its half-life is said to be 127 days. It is comparable to X-ray machint’s 
in the vicinity of 85 to lOO kv, and its output is extremely low, yielcliiig 
25 milliroentgens per hour per curie at one meter. The source dimen- 
sions are reasonably small, with a one-curie source measuring ono min 
diameter. A 50-curie source measuring 3 mm x 3 mm will give 2 
percent sensitivity on representative thicknesses shown in table XII. 

The figures in this table were derived using medium speed film no* 
screens, and a source-to-film distance of 12 inches. ^ 


Table XII. EXPOSURE CHART FOR THULIUM 170.50~CURIE SOURCE 


Material 

Thickness (Inches 

Stainless Steel 

0. 050 


0.200 

Titanium 

0. 200 


0. 400 

Aluminum 

0. 200 


0. 750 


1, 400 


) Exposure Time 


36 Min, 

1. 8 Hr. 
34 Min. 

2, 1 Hr. 
20 Min. 
47 Min. 

1. 8 Hr. 


69, COMPARISON OF ISOTOPES WITH X-RAY UNITS 

°o"ed basic diflsrsncsa ar„ 

machines are °variMe makes thT energy of X- ray 

Characteristic iadiation its 

pcVer, ehey“c®anbe^tur™ed'efflL'on“lrwil?'^ 

use Of x-ray e,nipme„t. Thffalrt a^^l^'ra^^L^y's 
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radiation makes it a safety hazard controlled only by strict conformance 
with safety regulations. 

X-ray machines are capable of producing radiations that are 
more intense than those produced by isotopes^ thus permitting shorter 
exposure times. 

70. SHIELDING 

a. Table XIII gives the amount of shielding required to reduce the 
radiation intensity of various isotopes to their approximate half-value 
layers, and values from which the entire amount of shielding required 
can be computed. 


Table XIII. APPROXIMATE HALF- VALUE LAYERS 
FOR ISOTOPES (INCHES) 


Material 

Ir 192 

Cs 137 

Tm 17 0* 

Co 60 

Lead 

0,08 

0. 39 

0.05 

0.47 

Steel 

0. 52 

0,67 i 

0,32 

0.75 

Concrete 

1.75 

2, 00 

1. 10 

3.00 

Water 

4. 00 

5.00 

2. 50 , 

7, 00 


>I^Estimated only 


b, Table XIV gives the known emission or (dose) constants ex- 
pressed as roentgens per curie at a distance of one foot from the source 
This information may be of greater assistance to the radiograp er^ an 
the information given in terms of meter distance. Here also, t e in- 
verse square law can be used to compute the dose rate at any desired 

distance , 

h. - 

II (do)2 


where: 


lo = initial radiation intensity 
1 j = radiation intensity unknown and desired 
di = distance at which X intensity is desired 
do = initial distance 
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Table XIV. EMISSION CONSTANTS 


Element 

Dose Rate’l* 

Dose 

Half-Life 

Ir 192 

5. 9 

0. 55 

73 days . 

Cs 137 

4. 2 

0. 39 

33 years I 

Tm 170 

0. 0299 

0. 0025 

127 days 

Co 60 

14. 5 

1. 35 

5. 3 years 

_J 


* r/hr/curie at one foot 
r/hr/curie at one meter 


£. With a known dose rate for any radioisotope, the shielding noeoH. 
sary to reduce the radiation to safe levels can be readily computed 
lypical problems are worked out below: f - 

" Problem" No, 1 

"What IS the radiation intensity of two curies of Cobalt 60 at a distance 
of SIX meters from the source?" « u ou ai a ciisiaiu.o 

Knowing that a one-curie source of Cobalt 60 will have an intensity of 

follows; distance of one meter, proceed as 


X - desired intensity information at six meters 
2700 = intensity of two curies at one meter, 
then proportionately: 

^1 (do)2 

X i2 

2700 = 

36X = 2700 

X ~ 75 mrem/hr {at 6 meters from source)! 
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" Problem" No. 2 

"A two curie source of Cobalt 60 is to be used in the center of a room 
which is 12-meters square. How much concrete shielding is required 
to reduce the radiation intensity to a level of 2 mr/hr or less outside 
the wall?" 

In the previous problem, it was shown that the intensity of radiation 
at six meters from a two-curie source of Cobalt 60 was approximately 
7 5 milliroentgens per hour. From table XIII, the approximate half- 
value layer of concrete is three inches. Therefore, 18-inches of 
concrete is equivalent to six half-value layers, 

1/2 X 1/2 X 1/2 X 1/2 X 1/2 X 1/2 = (1/2)6 ^ 1/54 

Then the shielded dose rate would be: 75 mrem/hr divided by 64 equals 
approximately 1 . 17 mrem/hr with an 18-inch wall of concrete. 


"Problem" No. 3 

"Using Cobalt 60 with given dose rate of 14. 5 r^Air/curie at one foot 
(taken from table XIV), determine the dose rate at a three-foot dis- 
tance from the source." 


Ip _ (di)^ 
II (do)^ 

14. 5 ^ 

X 1^ 


9X 

X 

Dose rate 


14. 5 

1.61 r/hr or 

1610 mrem/lir at 3 ft. 


Section III EXPOSURE FACTORS 


7 1 . GENERAL 

The exposure of the gamma ray source must take place in some in- 
closed or deserted area. It is ideal to have a concrete exposure room 
for gamma radiography. If this proves too costly, the exposure may be 
made in some deserted area, roped off to exclude personnel. 
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72. FACTORS AFFECTING EXPOSURE 

a. The four factors that affect exposure are as follows; 

(1) The intensity of the source, 

(2) The source-to-film distance. 

(3) Type of material being radiographed. 

{4) Film and scx'eens used, 

b. Since the intensity of a source is fixed, there is little chance 

in varying the intensity. However, adjustments must be made to accovinl 
for decreases in the radiation emitted as the source decays. 

c. The source-to-film distance is a very important variable be- 
cause of its flexibility. As the source loses its radiation, the sourcc- 
to-film distance is decreased to offset the decay. The intensity varies 
inversely as the square of the distance from the source, 

d. The type, of material being radiographed will also affect the ex- 
posure. For thick, dense sections the time required for an exposure 
must be increased. If objects of different thicknesses are being 
radiographed at; the same time, they must be placed at distances that 
wall account for the variance in thickness. 
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CHAPTER 7 

SPECIFICATIONS AND STANDARDS 


Section I. GENERAL 


73. GENERAL 

The Department of Defense applies the principles of an estab- 
lished quality assurance program for procurement purposes, 'A pro- 
curement document will sometimes implement its quality assurance 
provisions by referencing a radiographic specification or stajidard. 
These documents may spell-out the radiographic procedure ti be used 
in inspecting a material or item, or they may specify that personnel 
or equipment be qualified or certified, indicating applicable tests and 
examinations and providing for periodic certification reevalilation. 

The word qualification as used in this text means the determination and 
certification of capability, and is not intended to suggest qualification 
for a Qualified Products List, 

b. Often, radiographic specifications or standards listed as appli- 
cable in a procurement document are mandatory under specified terms. 
If and when a contractor has demonstrated to the satisfaction of the 
procuring agency that a uniformly acceptable product is being delivered, 
the procuring activity may, at its own discretion, reduce the number 
of tests required. This can usually result in savings of both time and 
money, 

74. SPECIFICATIONS 

A specification is a document intended primarily for use in procurement 
which clearly and accurately describes the essential and technical re- 
quirements for items, materials, or services including the procedures 
by which it will be determined that the requirements have been met. 

Specifications are prepared for items which vary greatly in complexity. 
They establish requirements in terms of complete design details in 
terms of performance, but in most cases in terms of both design an 
performance, 

7 5. STANDARDS 

a. Standards are documents that establish engineering and technical 
limitations for items, materials, methods, designs, and engineering 
practices. They are created primarily to serve the need of designers, 
and to control variety. Standards represent the best solution for 
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recurring design and enginfeering and other logistic problems with re- 
spect to ths items and services needed by the military services. 
Standards junction in procurement through the medium of specifications, 

b. The ierm radiographic standard is somewhat ambiguous. The 
documents called radiographic standards are not to be confused with 
the reference radiographs and standard samples of flaws which are 
also called ladiographic standards. 

Section 11. RADIOGRAPHIC SPECIFICATIONS 
76. GENERAL 


a. As stated previously, a specification is intended primarily for 
procurement purposes. It clearly and accurately describes the essen 
tial and technical requirements for items, materials, or services in- 
cluding the procedures by which the requirements are determined to 
have been met. Radiographic process specifications describe the 
i-adiographic tests deemed necessary for quality assurance. 


b. Contractors supplying radiographic services to the Government 
either directly or indirectly through subcontract, often find that the 
procurernent order references a radiographic process specification, 
Under this specification, the contractor is required to fulfill certain 
basic functions and administrative details. For example, the sensiti- 
vity of the radiographic process is a function of both definition and con- 
ras . These factors are indicated, and sensitivity is measured by a 

process specification will define 

the technical design and use of the penetrameter, and will establish 
e requirements for its display and interpretation (see par. 77). Ad- 
ministrative details concern the marking and identification of both the 

length onime'that and with the method and 

mnfj ^ ^ radiograph itself but also other records 

must be kept and maintained. 

77. P ENET RAMET ERS 

for~DenIrtm^Pnrof?^ of the various penetrameter s required 

the Army use are shown in figure 57. These nene- 

material J ^AblM), A penetrameter must be made of 

phed. PenLameters'°sho?^H h T radiogra- 

thic-k„eIsirthfSScro'r‘?ija!"”'’'‘t ‘‘ ^ p.i-centaga of the actual 

it is not a percentage nf portion of the object being radiographed; 

three holes in the nenet-ra ^ finish-machined thickness. The 

ies in the penetrameter are referred to as 4T, T, and 2T dia- 
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Place Ident I f icahon 

Numbers Here 

Minimum Penelrorneler IhicKness 0.005‘ 

Minimum OiomBtu? tor !T Hole 0.0 tO' 

Minimum Diorr.^iler ^or ZT Hu’e 0.020' 

Min-mum Dicimcler for Holu 0.040‘ 

Holes sholl be True and Ncrmal 
io the SurfocGot fhc Penetrarueter 
Do Nof Chamfer 


4 T diom 



Design for Penetrometer Thickness from 0.005" to and Induding O.OSO" 
F rom 0,005*' t hfough 0.020 * Mode in 0.0025“ fncremenis 
From 0025* through 0.050*' Mode in 0.005'* Increments 


4 T diom 



Design for Penetrometer Thickness from 0.060'^ to ond Including 0J60" 
Mode in .010" Increments 


SYMBOL 

MATERIALS {SEE 4.1.3.11 

SS 

STAINLESS STEEL 

A1 

ALUMINUM 

Fe 

IRON OR STEEL 

Hg 

MAGNESIUM 

Cu 

COPPER 

Tl 

TITANIUM 



4T 


f.33T 


1 


.63T 


Design for Penelrameter Thickness of 0J80" and Over 
Mode In 0.020" Increments 


See Note for 
Toleronco 


Tolernncoa on ponotramotor tliioknesfl tiw\ liolo diameter bIiivII l>a cilO par cent or one 
liaU of the tliicknoijs Inoromoiit botwcon penotTaniotar 8 l?! 09 , whiuhcvor IswmaUor* 


FIGURE 57. PENETRAMETERS 
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jiief'er, respoctivelyj oi', in other terms, 8, 2, and 4 percent of the 
specimen thickness for which the penetrameter is designed. Unless 
otherwise specified, 2T radiography is normally required in all De- 
partment of the Army radiography. This means that the outline of the 
penetrameter and at least the 2T and 4T holes must be clearly visible 
on the radiograph. 

78. RADIOGRAPHIC QUALIFICATION 


a. Qualification, as applied to radiography, is the determination 
and certification of capability. A prospective vendor to the Government 
would normally perform certain tests and procedures to demonsti'ate 
his capabilities. At one time it was considered sufficient that the 
government merely reinspect a vendor's product to determine if his 
final inspection was adequate. Today, however, it is realized that 
nondestructive testing inspection methods, such as radiography, l^avt^ 
broad application throughout the entire production cycle. To save 
time and money, therefore, it is necessary that the Government have 
proven confidence in the testing procedures and capabilities of the ven- 
dor so that the Government doesn't have to expend itself on inspecting 
whole lots of faulty products. 


The many agencies of the Department of Defense each have 
radiographic qualification requirements. Since all of these require- 
ments are based on the same quality assurance concepts, the same 
general end result is achieved. Common qualification requirements 
are set out in a test procedure which establishes: 


(1) The physical adequacy of a facility for the range of radi- 
ography contemplated. 

(2) The technical competence of the facilities' personnel to 
perform such work. 

Radiographs of prescribed objects (test blocks, standard castings, 

■ 1 interpreted in a satisfactory manner. 

The latitude available in a qualification or certification specification 
IS sufficient to require that a facility be capable of maintaining a satis- 
c ory eve of quality workmanship under the production condition.^ 
con enip a e . revision is also made for periodic reexamination of 
the facility to assure continuance of quality work. All details of the 
test are performed by the facility attempting to qualify. Either suveil- 
^ est itself is maintained by a Government inspector, or only 
e ina resu is reviewed and judged by the Government agency involved 

the%p^endi^.'^^'^ analysis of a radiographic qualification test is given in 



AMCR 7 15-501 
Volume 1 


79. RADIOGRAPHIC COVERAGE 

a. General, Radiographic coverage, as used in specifications, is 
a term pertaining to the areas or sections of an item or component to 
be radiographically inspected. Certain areas of large items may be 
either very difficult or impossible to cover radiographically. Coverage 
of these areas and certain noncritical areas is not usually required by 
the item specifications. The term radiographic coverage should not 

be confused with terms such as percentage inspection, which refers 
to the percent of the items to be inspected rather than the areas to be 
radiographed on any one item. 

b. Position Drawings . The usual means of specifying radiographic 
coverage is by radiographic position drawings, A position drawing is 
usually dimensionless and simplified, showing just enough detail of 
the part or structure to clearly indicate such required radiographic 
information as: 

(1) The number and specific location of areas on each part 
required to be radiographed. 

(2) Number and location of areas to be selected at random 
on each part to be radiographed. 

(3) The acceptance reference standard for each area. 

(4) The number of parts which are to be examined (i. e. , 
percent or frequency of examination), 

(5) Special instructions not otherwise provided for, 

80. RADIOGRAPHIC TESTING SYMBOLS 

a. General. The basic radiographic testing symbol consists of the 
two~letters RT, The assembled testing symbol consists of the follov/ing 
elements : 

Reference Line 

Aitow 

Basic Testing Symbol 

Test- all- around Symbol 

{N) Number of Tests 

Only as many elements as necessary are used; the elements have stan' 
dard locations with respect to each other as shown in figure 58, 
Radiographic testing symbols may also be combined with other non- 
destructive testing symbols and welding symbols, 

b. Significance of the Arrow. The arrow connects the reference 
line to the part to be tested. The side of the part to be tested to which 


Tail 

Extent of test 
Specification, process, 
or other reference. 
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NUMBER OF TESTS 

SPECIFICATION, PROCESS, 
OR OTHER REFERENCE 

TAIL 

REFERENCE LINE ■ 




OTHER 

SIDE 


ARROW 

SIDE 


BASIC TESTING SYMBOL 


U) 

UJ 

9 

U) 


.LENGTH OF SECTION 
TO BE TESTED 

. /-TEST- ALL- AROUND 
LJ SYMBOL 


X 

I- 

o 

o 




ARROW 


FIGURE 58, LOCATION OF ELEMENTS OF RADIOGRAPHIC 

TESTING SYMBOL 


RT 


RT 

RT 



ARROW OTHER 

SIDE SIDE 


BOTH NO SIDE 

SIDES SIGNIFICANCE 


FIGURE 59. STANDARD LOCATIONS OF THE RADIOGRAPHIC 

TESTING SYMBOL 
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the arrow points is considered the arrow side of the part. The side 
opposite the arrow side of the part is considered the other side. 

LiOcation of Testing Symbol . Tests to be made on the arrow side 
of the part are indicated by the basic test symbol (RT) on the side of 
the reference line nearest the reader; tests to be made on the other 
side are indicated by RT on the side of the reference line away from 
the reader; tests to be made on both sides are indicated by RT on both 
sides of the reference line; and when test symbols have no side sig- 
nificance, they are centered on the reference line. Standard locations 
of the testing symbol are given in figure 59. 

d. Direction of Radiation. When specified, the location of the 
source of radiation and the direction of radiation is shown in conjunc- 
tion with the radiographic testing symbol. The location of the source 
of radiation is indicated by a symbol located on the drawing at the de- 
sired source or radiation, connected and oriented as necessary by 
dimensions, as shown in figure 60. 

_e. Specifying Extent of Radiographic Tests . Radiographic tests of 
areas are inaicated by one of the following 'methods: 

{1) For radiographic testing of an area represented as a plane 
on a drawing, the area to be tested is enclosed by straight 
broken lines with circles at each change of direction. 

When necessary, these enclosures are located by dimen- 
sions (fig. 6 lb). 

(2) For radiographic testing areas of revolution, the area is 
indicated by using the test-all-around symbol (fig. 61a). 

In general, most radiographs (with the exception of fillet welds) are 
taken with normal incidence between the X-ray beam and the surface 
of the area under test. However, provision is made in specification 
MIL- R- 11471, Radiographic Inspection of Metals, for the use of other 
angles of incidence when necessary or more practical. In such cases, 
it is advisable that the direction of radiation be indicated by a sketch 
attached to the negative so that the person reading the films will have 
an understanding of the actual direction used. 

Section III. RADIOGRAPHIC STANDARDS 
81. GENERAL 

The accuracy and reliability of any comparative test depends upon the 
use of functional and adequate standards and specifications. The in- 
formation derived from a radiograph is of little consequence until 
compared to some reference. For example, if a radiograph of a casting 
indicates the presence of gas porosity, this fact is of no significance 
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FIGURE 60. DIRECTION OF RADIATION 



The symbol indicates an area of 
revolution to be subjected to radi- 
ographic examination where dinuui' 
sions are not available on drawinj», 


9 - 9 

1 I 

^ 


.•© 



figure 61. SPECIFYING TESTS OF AREAS 
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’Unless the relative importance of such porosity is known. ^ 

irig or service evaluation normally establishes a basis for snc 

Parisons, 

82. DESIGN OF STANDARDS 

a. Procedure. Evaluations are conducted on items 

vaiuous flaws. The effect upon design constants and perfoin-nance re- 
quirements are established, and standards of acceptability are c losen. 
Radiographs of both acceptable and unacceptable samples 

prepared and used as standards against which radiographs of piocuc ion 
items are compared. 

b. Choice and Use of Standards . Ideally, the design engineer 
chooses the standard of product quality, the radiographer uses this 
standard to judge product quality, and the production (or manulacturmgj 
dement is provided with an example of the quality level of piocuc o 
be achieved. 

c. Effective Standards. Sets of radiographs, showing various types 
and~degrees of flaws and used as a guide in the evaluation of a mateiial 
Or item, are recognized as radiographic standards. The most effective 
standards reflect the better commercial practices. Standards should 
accurately portray those levels of quality actually encountered in pio- 
duction. Radiographs of extreme samples or conditions do not con- 
tribute to effective standards. 

d. Supplementation of Radiographs . Radiographic standards aie 
often supplemented by graphs and tables. For example, flaws such as 
slag inclusions or lack of penetration in welds are pi'edictable both 

in their manner of occurrence and in their effect upon design require- 
ments. Therefore, to cut down on the number of standard I'adiographs 
used, only one or two examples of such flaws are illustrated. The 
illustrations, however, are supplemented by tabular infoi*mation on 
limits of flaw length versus thickness of material (and classes) as to 
limits for different levels of structural strength. 

8 3 . EXPERIENC E WIT H STANDARDS 

The continued use of radiographic standards normally results in the 
accumulation of considerable data relating to the service performance 
o£ the materials involved, A proper evaluation of such data often en- 
ables quality assurance engineering personnel to develop a category of 
defects and their limits of severity for various applications. Thus, 
defect limits for high, medium, and low stressed areas or parts may 
be put in tabular form. Often, it is necessary to consider* both service 
requirements and the effects of failure of the component. This can also 
be done in tabular form and will assist design engineers in selecting 
quality levels for more rapid evaluation by inspection. 
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( :jiA,i>'rKu ji 


.sAKirry 


S. M l inn I, (IKNKRAL 

1, gknkuai. 

, 1 . Riuliiil inii riui In- .-Klr.-un-ly tianjv’ roust l<> l lu' human body. Many 
rTki early |iioui'i- I'u in I'.KUnlnfty, ij'ino-iinl ol' Ihn plvyKiological 
7()Ct.s ol riolialinii, in-c.iiiu- ;u-riim!ily ill, <• ripplml, aiul «onic; evon- 
filly (lied I'nnn llu- rlleel -i nl nve r- (-xpusisi re l;o riidiatlon . These un- 
ii-tiiiial:t‘ t'xpe l■il'nlO-^^ |)r>uu]il) d eHleu.nivi- nsseareh on the .subject, 
oday, iiultieieitl Kiutwletlp.t- in .ivailalde oii how Ihti body is affected so 
lilt iide(|iiate pmleelloit rnh-s! and lialepuardu can l>e ffiven. When these 
r(;(:iuitionM are i den- eved, radio)- raidiy e.iu be carried out witli complete 
if(!l.y. 

1). II, iihitiild be esiipbaiur.ed lhal radiiij>raphy is only as .safe as the 
'o’phs wnrUiii)^ wilb il vvaoi it In be. I'lie Itiisiic assumption of anyone 
orldnj^ in tin' iitdd (ibnubl be ibai any nmieermsii ry (•xpusure to radia- 
on, no matter bow miu.iH, is l‘»n much. 

•). RADIATION lINl'l.S OF MFA.SU UNMKNT 

!V. At the pretM'ul linn* Ibece .in- llirt-e )<ener*illy accepted units 
liicli indaie Itt r.ob.tli*ni enjinniiri* and .dirtorbed ditst!, 1 hey are the 
)('iiit|,jeu, llu* ritd, .u»d the ri-nn, and are didiii(;'d as lollctwsi 

(1) The HOKN'I I IKN (r) in a nteatiure of radiation exposure based 
upon ibt‘ aotntm! ni inni/.ai inii pr»)(Uua*tl in iiii‘ by a radia- 
tion Houia e, Wlten ihe ilie inni/ation is such that one 
eleel I'onbnt ii: unit elei'l rii ttl charge is prcxlucod per cc ^ 

ol air under >d>tii*iard ♦ tuulit ions, them llm exposure dose is 
inie roenl),;«m at I In' jaiinl al which lln* ivicasureinent is made, 

I he r*u’Ul^;en mdpul ol a radiation source can be mea.sured 
willt rehilive i-iisr Ity a jtrnperly ctimslriicled ionization 
chandn* r, 

(2) The HAD is the unit oi abrmi’hed do.se and by definition is 

the ftbsMrnlisui ot 100 of enerKy per nram of irradiatecl 

material. The rad *lo««' can l.e determined from ionization 
chamber mi«?as»iurem»mts within the test object, by raca.sure- 
menl of temperature change ol llu' test object, oi iy 
clnamical clow i mete ra , 

(3) The REM (rad «r roc-iUgeii equivalent man) is the absorbed 
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dose in rads multipled by the relative biological effective- 
ness (RBE) of the radiation used on the particular biological 
system irradiated. RBE may be defined as the ratio of 
doses from two different radiations that produce the same 
biological change. At the present time, there is no dosi- 
meter that can directly measure the rem. 

b, The currently accepted unit of radiation dose to biological systems 
is the rem. Its usefulness lies in the fact that the biological and physi- 
cal properties of the test object are taken into account, as well as the 
ionizing characteristics of the radiation employed. Equal rem doses 
to the same biological test object delivered by, for example, neutrons 
and alpha particles should produce the same biological change. Any 
of the following may be considered as equivalent to a dose of one rem; 

( 1 ) A dose of 1 r due to X- or gamma radiation. 

(2) A dose of 1 rad due to X- or gamma radiation, 

(3) A dose of 0. 1 rad due to neutrons or high energy protons. 

(4) A dose of 0. 05 rad due to particles heavier than protons 
and with sufficient energy to reach the lens of the eye, 

86 . MAXIMUM PERMISSIBLE DOSES 


a. The currently accepted maximum permissible doses have been 
established upon consideration of the estimated exposure of early 
radiation workers and also upon the radiation that man has always re- 
ceived from such natural sources as radium, cosmic rays, and Carbon 
14. Radiation workers who, it is estimated, received 0 . 1 r per day 
for periods of many years have not exhibited any harmful effects whicli 
can be directly attributed to radiation, 

b. Title 10 Code of Federal Regulations, Part 20, (10CFR20) con- 
tains the Atomic Energy Commissions (AEG) regulations on Standards 
for Protection Against Radiation. This regulation establishes a maxi- 
mum dose from radiation source in any period of one calendar quarter 
to an individual in a restricted area as follows; 


(1) Whole body, head and trunk, 
active blood forming organs, 

lens of eyes, or gonads 11/4 rems 

(2) Hands and forearms, feet and ankles--- 18 3/4 rems 

(3) Skin of whole body 7 i /2 rems 


c_, Under certain conditions, the AEC allows. these values to be ex- 
ceeded, For a complete treatment of this subject the reader should 
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consult with the latest issue of the publications listed in the bibliogra- 
phies under SAFETY^ published by the National Bureau of Standards^ the 
National Committee of Radiation Protection, the Atomic Energy Com- 
mission, and the Department of the Army. 


Section 11, PROTECTION AGAINST X-RAYS 
37 . GENERAL 

Personnel may become exposed to X-radiation coming either directly 
from the X-ray tube target or from some object in the direct path of 
the X-ray beam. Therefore, while an exposure is being made, the 
operator and all other personnel must be protected by adequate shield- 
ing from the X-ray tube itself, the part being radiographed, and any 
other item exposed to the X-ray beam, 

88. PROTECTION 

a. Protection can be provided in a number of ways, depending upon 
the"X-ray installation and the use to which it is put. Whenever possible, 
protective measures should be built in as permanent features of the 
installation. Preferably, the X-ray generator and the work should be 
enclosed in a room or cabinet, with the necessary protection incorpora- 
ted in the walls. The common method is to locate the X-ray tube within 
a room completely lined with lead of a sufficient thickness to provide 
adequate protection. All the X-ray machine controls are located out- 
side the room. 

b. In placing of equipment and design of protective enclosures, 
ceiTain principles must be kept in mind. Careful application of these 
principles adds to the safety of the personnel, and may decrease cost. 
Both safety and economy will be promoted if the amount of radiation 
which must be absorbed in the outside wall of the enclosure is kept to 
a minimum. To this end, the distance from the X-ray tube target to 
any occupied space should be kept as great as possible. Further, if 
the natui'e of the work permits, the direct beam should never be pointed 
toward these occupied areas, and the angulation of the tube should be 
restricted to a minimum. 

c. Ideally, the lead housing around the X-ray tube should give 
protection against all primary radiation except the useful beam, al-^^ 
though this is not always feasible in practice. The useful beam ) 
should be limited in cross-section by the use of cones or diaphi 

d. If there are parts of the X-ray room which, because of t] 
sign of the equipment, can never be exposed to direct radiation 
tain economies in the installation of protective material 
Where only scattered radiation can reach a protective wall, les 
taction is necessary, since the intensity of the scattered radia i 
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much lower than that of the primary. When advantage is taken of 
these economms, great care must be exercised in rearranging equip- 
ment, lest it become possible to direct the full intensity of the X-rav 

beam against a wall providing protection against the scattered radia- 
Lion only, 

e. In some cases where large numbers of relatively small parts 
re inspected the protection may be in a more compact form ^ This 
consists of a lead-lined hood surrounding the X-ray tube, the speci- 
mens, and the cassette, thereby completely enclosing them for the 
duration of the oxpoaure. When the exposure is 00 ™^“^? The hood 
IS opened to allow the removal of the radiographed parts and the place- 
ment of a new batch. The electrical controls Le interlocked so diat 
the X-rays cannot be turned on until the hood is closed. 

material (usually lead) in the walls of the en- 
closure, whether it be room or cabinet, should be of sufficient thickness 
to reduce the exposure in all occupied areas to as low a value as f 
possible or economically feasible. value as is 

In some cases it may be possible for the personnel of an X-rav 

fha'on'; X-'raJ V -P— ' to radiation from mo^ro 

j machine* In such cases^ the amount of protection must 

-P-P- in an, o'’ccu;ild°a"rTr' 

maL„^;^Llp“L;“hVS he ^nYiL^th^: s;™«'''u‘„Ver%u;;;?on- 
lead-uieTbollh These include a complete], 

machine should be used to confin^^ v u a. ^ A- ray 
and to the minimum anolo ii, <• X-ray beam to a certain direction 

be provided^tn ® P°^table screens should 

g uld be used to keep plant personnel at a safe distance. 

Care should^beT^ken^to^^^' usually obtained by distance. 

from the personnel are far enough away 

10 m the ladiation source to ensure safety. ° ^ 


Section III. 


materials and construction for 

PROTECTION against X-RAYS 


89. GENERAL 


X-^-avs used to provide protection against 

X ta,a. It combines high protective cfficlenc, with low cost an! "as. 


124 



AMCR 715-501 
Volume 1 


availability. In most cases, recommendations on protective measures 
are given in terms of lead thickness. 

90. CONSTRUCTION 

a. When using lead for protection, care must be taken to avoid any 
leaks in the shielding. This means that adjacent lead sheets should be 
overlapped, not merely butted, even if the sheets are to be burned 
together throughout the whole length of the joint. The heads of any 
nails or screws which pass through the lead should be carefully covered 
with lead. 

b. Extra precautions should be taken at those points where water 
pipes, electrical conduits, or ventilating ducts pass through the walls 
of the X-ray room. For small conduits and pipes, it is usually suf- 
ficient to provide a lead sheathing around the pipe for some distance 
on one side of the lead protective barrier in the wall. This sheath 
should be continuous and very carefully joined, by a bcirned joint, to 
the lead in the wall. Better protection is afforded by having a right- 
angled bend in the pipe either inside or outside the X-ray room. The 
pipe is then covered with a lead sheath to a point well beyond the right- 
angle bend. The sheath should be carefully joined to the lead in the 
wall. In the case of a large opening for ventilation, lead baffles ar- 
ranged as in figure 62 will stop X-rays, while permitting the passage 
of air. When a large ventilating duct is brought into the X-ray room, 
two right-angled bends covered with lead will prevent the escape of 
X-rays . 

c. To test the protection, it may be necessary to put up X-ray 
films against the outside of the wall in questionable areas, and to 
direct the full intensity of the X-ray beam against each of these areas 
in turn, 

d. If the X-ray room is on the lowest floor of a building, the floor 
of the room need not be completely protected. However, the lead pro- 
tection in the walls should not stop at the floor level. An apron of 
lead, continuous with the protection within the wall, should be placed 
in the floor, extending inward from all four walls (fig* 62). The pur- 
pose of this apron is to prevent X-rays from escaping from the room 
by penetrating the floor and then scattering upward outside the pro- 
tective barrier. An alternative is to extend the lead protection in the 
walls downward for some distance below the floor level* The same 
considerations apply to the ceiling if the X-ray room is located on 

the top floor of a building. Of course, if there is occupied space above 
or below the X-ray room, the ceiling or floor of the X-ray room must 
have full radiation protection over its whole area. 

9 1 , OTHER MATERIALS 

Although lead is the most efficient material for X-ray protection, 
other materials find some application. In particular, structural walls 
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WALL 



LEAD 


LEAD 


DUG 




2 " 3 

METHODS OF SEALING NAIL OR SCREW 
HOLES IN LEAD PROTECTION 
A-LEAD-HEADED NAIL METHODS OF SHIELDING WHEN PI PES, 

3-LEAD STRIP FOLDED OVER NAIL DUCTS, OR CONDUITS MUST PASS 

THROUGH WALLS OF AN X-RAY ROOM 


FIGURE 62. CONSTRUCTION FOR PROTECTION FROM RADIATION 



VOJ-ume i 


of concrete or brick may afford considerable protection and may re- 
duce the thickness, and therefore the cost, of the lead required. It is 
at voltages above 400 kv that concrete is most used as a protective 
matei’ial. The lead thicknesses required at these potentials are so 
great that fastening them to the v/alls becomes a serious problem, and 
concrete is used because of the ease of construction. 


Section IV. PROTECTION AGAINST GAMMA RAYS 


92. GENERAL 

a. The gamma rays from radioactive materials have biological 
effects similar to those produced by X-rays. It is necessary, there- 
fore, that the personnel conducting gamma ray work be informed of 
the safety precautions used. 

b. Gamma rays may be very penetrating. For instance, l/2-inch 
of lead reduces the intensity of the gamma rays of radium or Cobalt 
60 only about 50 percent. This makes the problems of protection 
somewhat different from those encountered in protection against mod- 
erate-voltage X-rays, In general, it is not feasible to provide safety 
from gamma rays solely by means of a protective barrier. There- 
fore, distance or a combination of distance and protective material 

Ls usually required. When radioactive materials are not in use, 
protection may be obtained by keeping them in thick lead containers, 
since in this case the total amount of lead needed is not great. If it is 
not desirable to use the amount of lead required for full protection, 
the thick lead container may itself be kept in a wooden box of such 
dimensions that the gamma ray intensity at the outer surface of the 
box is reduced by a distance of a satisfactorily safe level. 


93. STORAGE 

In cases where the radioactive material is used in only one place in 
the plant, it may be stored in a narrow well in the earth at least 0 
feet deep directly beneath the spot it occupies during an exposure. 

The gamma ray emitter remains in the well when not in use, and 
while specimens and film holders are being put in place or remove 
However, the well must be closed with an efficient p ug in 
ensure the safety of the region near it. When ^ 

started, the source is raised to the desired position by a simple 
mechanism operated from a safe distance, 

94. TRANSPORTING GAMMA RAY SOURCES 

a. If it is necessary to transport gamma ®”";“®Yead thic^^^ 
plant, a thick-walled lead box should be provided. 

. should be at least equal to that of the appropria e s ipp ng ' 

and the box should have a rigid handle which will keep the radioactive 
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material a safe distance from the body. The length of handle required 
will depend^ of course, upon the lead thickness and the strength of the 
source. The carrying case should be so constructed that it is impos- 
sible, or at least inconvenient, to pick it up or pull it other than by 
the handle. ^ 


b. In transferring a gamma ray emitter to or from the storage 
container, truck or exposure position, it should never be handled 
directly, but by strings or tongs. If the container housing the radio- 
active material is magnetic, it may be handled by means of a small 
electromagnet, powered by dry cells, on the end of a long rod. In any 
event, such transfers should be done quickly and efficiently, and by 
trained operators. Special precautions should be taken to prevent 
loss of or damage to the radiation source. 

95. SHIELDING WHEN USING GAMMA RAY SOURCES 

a. Because of the great thicknesses of protective materials re- 
quired for shielding some gamma ray sources, the most economical 
method of protection, while the source is in use, is by distance A 
danger zone should be roped off around the location of the radioactive 
material, and personnel should be forbidden to enter this zone except 
to put the source in position or return it to its safe. Suitable con- 
spicuous signs should be provided to warn off the casual passers-by. 
Tables and charts should be provided which give data for calculating' 
the distances from various amounts of radioactive material at which 
a radiation hazard exists. 


b. It must be kept in mind that the presence of a large mass of 
scattering material, e.g. , a wall, may materially increase the gamma 
ray dose. This increase may be as much as 50 percent of the dose as 
calculated without the presence of scattering material. Thus, to en- 
sure that the radiation protection is adequate, factors other than dis- 
tance must be kept in mind when considering personnel protection 
from gamma rays. 

96. SHIPPING PRECAUTIONS 


a Precautions must be taken in shipping radioactive materials not 
1 4 .U those who will handle them in transit, but also to pre- 

vent the fogging of photographic materials which may be transported 
m the same vehicle. The Interstate Commerce Commission has set 
up legu a ions governing the rail shipments of radioactive isotopes, 

container °ften consist of a central lead 

thkt L a wooden or other box of such dimensions 

hour yfs M M than 200 mr per 

taiie'r in advisable to preserve the original shipping con- 

tainer in case it is again necessary to ship the source. 


A danger, 
radiation, is the 


rarer but graver than exposure to the emitted gamma 
inhalation or ingestion of radioactive material. With 
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radium, there is the possibility of inhalation of radon gas by the per- 
sonnel. Radon is a radioactive product of radium disintegration. The 
radium is sealed in a gas tight container by the supplier, to prevent 
radon leakage. As a result of mishandling, however, the container 
may spring a leak and allow the radon to escape to the atmosphere 
where it may be inhaled. It is suggested that all radium capsules be 
tested for leakage, and that thereafter any capsule that has received 
physical damage be again tested. A sudden drop in the gamma ray 
emission of a radium capsule is suggestive of radon leakage, and 
under such circumstances the capsule should be tested immediately. 

07 . DAMAGE TO GAMMA RAY SOURCES 

In general, it may be said that any physical damage to a gamma ray 
source should be suspected of having allowed leakage of radioactive 
material. This is particularly the case if the gamma ray emitter has 
a gaseous disintegi'ation product, as does radium, or is in the form 
of a powder, as are radium, Cesium 137, and some Thulium 170 
sources. The capsule itself and the plant area in which the damage 
occurred should be surveyed by safety personnel; all other personnel^ 
should be excluded until the possibility of escape of radioactive matei 
ial has been eliminated. 


Section V. RADIATION DETECTORS 


98. GENERAL 

There are four principal types of radiation detectors which have found 
wide application to the problem of personnel pro ^ r'.ieer 

the "ionisiation Chamber Type (Cutie Pie)," the "Portable Geiger 
Countei',*^ the ’'Pocket Dosimeter/* and the Film Badge. 

90 . TH IONIZATION CHAMBER TYPE SURVEY METER (Cutie Pie) 

a. This is a ratemeter device which instantly 
radiation levels and, if equipped with a suitable 
for beta ray monitoring (fig. 63). Because thi 
available instruments will indicate dose rates 
uer hour this device has found wide application to ra 

of X- ray'installations and radium and radioisotope ^ anc 

available instruments have three sensitivity required the 

0-2500 milliroentgens per hour. If precise resu , • 
instrument should be calibrated at the energy range of mteres . 

b. The advantage of a cutie pie is that radiation 

wltEin a few seconds It e^e^y!® ThTdis^dvLtages are 

ness of responso with change of X ray gy 
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FIGURE 63. "CUTIE PIE" SURVEY METER 



FIGURE 64. PORTABLE GEIGER COUNTER 
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relatively large size and delicate construction, and warnaup drift 

the first few minutes of operation. A readily available and easy- 
reference standard is an extremely important accessory for 
type of device. 

lOO. THE PORTABLE GEIGER COUNTER 

a This is a ratemeter device which may supplement the cutie pie 
burin no way replace it as a radiation survey instrurnent (fig. 64). 
Although most portable geiger counters have dials calibrated in milli- 
roentgins per hour as well as in counts per minute, the basic differences 
in operation between geiger tubes and ionization chanabers limits the 
Use of the milliroentgen scale to that X~ray quality at which the 
Was calibrated. An instrument whose miliroentgen 
ugainst radium may be in error by a factor of 4 when v y 

are monitored, 

b. The advantages of the portable geiger counter ^ 

high sensitivity and rugged, trouble-free operation. n ® ^ £ q i 

siUve range, available instruments will detect radiation levels of 0. 

milliroentgen per hour. 

c. As a radiation survey instrument, its main disadvantage is its 
non-linear response (milliroentgens per hour) wit c ange in i y 
energy. 


B most useful applications of the portable geiger counter 
litoring of radioisotope laboratories for contamination 


d. One of the 

is the rapid monitoring of radioisotop( 
and the location of "lost" radioactive sources. 


101. THE POCKET DOSIMETER 

a. This is an integrating type ionization 

sitive range is usually from 0 to 200 milliroentgens (fig. ). Y 

of these instruments have built-in eauin- 

accumulated dose may be noted at any time. The only accessoiy equip 

ment needed is a charging unit, 

b. The main advantages of the pocket dosimeter are its small size, 

high sensitivity, instantaneous reading of accumulated test 

latively flat response to radiations of different energies. 

pfoWeL which Arises In the routine use of this 

leakage which lends to discharge the electrometer and "’8 

readtSgs. For precise work, leakage tests should he performed on 
each chamber before and after application, 

c. Pocket dosimeters have found wide application 
per-5onnel during procedures which last but a j, 

knowledge of the radiation exposure for that particular p 

needed. 
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102. THE FILM BADGE 

The most widely used personnel monitor is tVie film badge (fig, 66). 

It is used principally to record the dose accumulated at a low rate 
Over a long period of time. It has the advantage of being extreme y 
rugged, capable of fairly accurate interpretation over the range of 
X-ray qualities used in radiography, and a very long time period over 
which a single film may be used. Its disadvantages are that the wearer 
is never aware of the accumulated dose until the film is developed, 
and at the time he receives the film badge report he may not be able to 
recall any incident responsible for an over-exposure. 


Section VI. ELECTRICAL SAFEGUARDS 

103. GENERAL SAFEGUARDS 

Radiographic inspection with X-rays presents a twofold safety problem 
to personnel. First, as previously mentioned. X-rays have a very 
destructive effect on the human body. Second, the extremely high vol- 
tages can deliver an electrical shock that may be fatal, 

104, ELECTRICAL HAZARDS 

a. Fortunately, most modern radiographic equipment is truly shock- 
proof when properly assembled, and most permanent insta ations o er 
little danger when personnel are trained in safe practice. Portable 
equipment, however, can pose serious safety problems if operating 
and inspection personnel do not employ certain necessary precautions. 

b. In X-ray circuits, flexible cables must be used between the 
powTer source and the tube so that the X-ray head can be positioned to 
radiograph objects of all shapes and sizes. Flexible cables are also 
used between the X-ray tube unit and the control panel. 

tremely high voltages are used, these cables are covered with e 
layer of rubber or some other insulating material that provide- 
protection against shock, Plowever, old or damaged cables o 
insulation constitutes a grave danger of fatal shock, Ca 
moved only when the power is off, or special equipment i 
such as rubber gloves, high voltage sticks, and rubbei n 
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105, PRECAUTIONS 

The following electrical safety precautions should always be observed 
wherever X-ray equipment is operated or serviced: 

^ ' The current should be off during the set-up procedure. 

Cables should not be handled when power is on^ and insulation 
should be frequently checked for wear. 

c. _ Condensers must be discharged completely before a circuit is 
serviced or checked. 

d. Proper safety equipment must be employed when "hot" cables 
are moved. 


arAri^f operate or work near X-ray equipment should learn 

Prr. f ^ respiption and practice it enough to maintain proficiency. 
Prompt action immediately after an accident may save a life. 
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APPENDIX 

radiographic qualification test 
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An analysis of radiographic qualification data generated over the past 
several years, suppoi-ted with opinions of inspection personnel expressed 
during their attendance of the Nondestructive Testing Training Program 
held at Watertown Arsenal, indicates the following: 

1. Lack of a clear understanding of qualification concepts by contrac- 
tors. 

2. Lack of understanding of the mechanics of qualification by some 
Procurement District personnel. 

Therefore, it is the purpose of this report to review qualification 
procedures and to set forth the general concepts of qualifications as applied 
to the Army Materiel Commands (AMC) Quality Assurance System outlined 
in AMCR 700-6. 


CONCEPTS OF QUALIFICATION 

To comprehend the total effect of qualification upon the reliability of 
Army material, it is necessary to view it in its proper perspective. To 
accomplish this, let us first consider an important aspect of reliabilityj 
Quality Assurance. This may best be explained by reference to Section 
3, paragraph a of the above cited AMCR, "Quality assurance." Quality 
assurance comprises a planned and systematic pattern of all actions 
necessary to provide adequate confidence that the product will perform 
satisfactorily in Service {MIL-STD 109). " It can be seen that quality 
assurance encompasses the elements of establishing quality standards, 
evaluating inspection and quality control systems, verification, reporting 
and inspection, in oi'der to determine conformance of the product to 
specified requirements. It provides for follow up corrective action, 
whenever indicated, in order to improve the quality and reliability of 
AM C mate rial. 

From the above paragraph it is obvious that the radiographic qualifica- 
tion test supports this concept in that it is a quality assurance measure 
designed to assess contractor capability, thereby providing a medium of 
confidence in both the inspection system and the products accepted by 
this system. The qualification test established in Specification MIL-R- 
11470 is technically designed to ascertain the adequacy of equipment, 
facilities and personnel. 

The contractor in attempting qualification is required to prove that his 
radiographic capability is adequate to perform in accordance with pre- 
scribed standards of workmanship. This does not mean that the vendor's 
honesty is being questioned, A conscientious vendor incapable of quality 
performance may be placed on the same level as a capable vendor without 
the best intentions. The prime interest then is one of assessing capability. 
The responsibility for evaluating this capability rests with the cognizant 
Procurement District, 
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A contingent benefit of requiring qualification is the psychological 
effect upon personnel. Contractors exercise more caution in perform- 
ing even routine operations when they realize that the work performed 
is effectively subject to audit. 

A latent benefit derived from qualification is the foundation of techni- 
cal facts developed for use in surveillance. Surveillance is a powerful 
facet of quality assurance. It is in the area of surveillance where the 
cognizant Procurement District exercises its greatest influence. The 
radiographic qualification of a given facility represents only an initial 
step in total quality assurance. The prime consideration is the main- 
tenance of consistently reliable inspection results throughout any given 
contract. Some district personnel do not fully realize nor utilize their 
authority to follow-up and insist upon quality radiography, 

MECHANICS OF THE QUALIFICATION TEST 
Preparatory Functions 


The cognizant Procurement District upon determining the neces.sity 
for qualification by a vendor or contractor, can obtain the required test 
equipment kit (test block) by direct request to the U.S. Army Materiels 
Research Agency (AMRA). The preferred method of requisition is by 
means of submitting DD Form 1149-4, Requisition and Invoice/Shipping 
Document. The radiographic test kit will be sent directly to the Procure- 
ment District inspector at the point of use if so requested. 

The radiographic test kit (Figure 1) consist of the following iteni.sr 

1. One wooden shipping container 

2. One wooden spacer 

3. One lead shield (two sections) 

4. One cracked plate C (3" x 6" x 1/8" ) 


5. 

One 

plate 

D 

(3" 

X 

6" 

X 

1/8") 

6. 

One 

plate 

E 

(3" 

X 

6" 

X 

1/4") 

7. 

One 

plate 

F 

(3" 

X 

6" 

X 

1/2") 

8. 

One 

plate 

G 

(3" 

X 

6" 

X 

1/2") 

9. 

One 

plate 

H 

(3" 

X 

6" 

X 

1/2") 

10. 

One 

plate 

I 

(3" 

X 

6" 

X 

1/2") 

11. 

One 

plate 

J 

(3" 

X 

6" 

X 

1/4") 
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12. One plate K (5 l/2" x 2 l/2" x l/4") 

13. Two lead supports 

During the waiting period between requisition and receipt of the te.st 
kit, the inspector should arrange a meeting with the contractors person 
charged with qualification. This meeting should suffice to acquaint the 
contractor with the desires of the Government through a review and 
explanation of Specifications MIL-R- 11470 and MIXj-R- 1 1 47 1 . 

Prior to the actual administration of the qualification test, the iji- 
spector should perform a survey of facilities which should include the 
following: 

Source of Radiation - Information regarding the source, manu- 
facturer's serial number of unit, serial and model number of tube, etc, 
should be recorded by the inspector on supplemental data sheets (hco 
Figure 2) for submission with the radiographic test negatives upon con- 
clusion of the test. The importance of serial numbers, etc,, should no 
be taken lightly since they represent the only identification of a given 
radiation source. 

The inspector should emphasize the fact that any change in the majui 
components of an X-ray source will necessitate requalification. For 
example, the replacement of an X-ray tube creates the need for total 
requalification’l* in the same sense as the purchase of an entirely now 
machine, since the tube is the prime source of the radiation and is a cr 
tical item being evaluated. The source actually is defined as the X-j-ay 
tube and any associated components which influence the characteristics 
thereof. The transformer, focus coil power supply, tube housing, ntc. 
are capable of influencing quality and are classified, therefore, as niajc 
components. When doubt arises as to the necessity of requalificatlon, ii 
inquiry to AMRA will resolve the matter quickly. 

Processing Facilities - One of the most important phases of tlio 
radiographic cycle is film processing. It is at this point where a radi- 
ographic technique is summarized and also where a capable radiograplx? 
efforts to produce an acceptable film may be frustrated through poor 
darkroom facilities, techniques or managexment . The pitfalls and 
variables associated with film processing are many. However, the 
following check points will provide the inspector with a good basis for 
assessing darkroom capability and are listed as follows; 

Proces sing^ Tanks - Darkroom pi'ocessing tanks are generally 
available in capacities starting at 5 gallons and increasing in capacity 
in increments of 5 gallons. The size of the tank should be adequate for 
handling anticipated production schedules so that films will not be 
crowded and subjected to scratching, scarring or poor processing due 

ition will be discussed in more detail later 
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SPECIFICATION MIL- R- 11470 
RADIOGRAPHIC INSPECTION: QUALIFICATION OF 
EQUIPMENT. OPERATORS AND PROCEDURES 
SUPPLEMENTAL DATA SHEET 
NATURAL AND INDUCED RADIOACTIVE SOURCES 


F acility — — 

Location. — Type of Isotope. 

A. E. C. License No, Source of Manufacture 

A. E. C. Authorized Person to Handle Source — 

Strength of Source ... Date Strength of Source Determined 

Physical Size of Source: Length — Diameter 

Selected Optimum D/ T Ratio — - 

Material — - Maximum Thickness 

GOVERNMENT REPRESENTATIVES STATEMENT 

In your opinion, do you believe that the above named 
facility is adequately equipped and staffed to perform 
industrial radiography according to Specification 
MIL-R-11471? 


Yes— — No 


Date 


Signature 


Title 


Remarks 


Procurement District 


figure 2. PART A 



AMCR 715-501 

Volume 1 


SUPPLBIBNTAL DATA SHEET 


OPERATOR 


TEST DATA 


IDENTIFICATION 

— 

lA 

wm 

mm 

IB 3 

2A 

EXPOSURE TIME 






SOURCE TO PART DIST. (D) 






PART TO FIIM DIST. (T) 






DA RATIO 






PENETRAMETER 






•*MAXIMUM DIAMETER OF CAPSULE 






TYPE OF SCREEN 






SCREEN THICKNESS 

AT FIIM: SOURCE SIDE 






OTHER SIDE 






BRAND NAME OF DEVELOPER 






DEVELOPING TIME 






DEVELOPING TBUP. 






BRAND NAME OF FIXER 






FIXING TIME 






WASHING TIME 






BRAND NAME AND TYPE FIIM 






NEGATIVE DENSITY 








*Since capsule diameter 
capsule length, it is 
dimension be given. 


is not always equal to 
required that the largest 


figure 2. PART B 
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SPECIFICATION MIL-R-11470 
RADIOGRAPHIC INSPECTION: QUALIFICATION OF 
EQUIPMENT, OPERATORS AND PROCEDURES 
SUPPLEMENTAL DATA SHEET 
X-RAY EQUIPMENT 


Facility _ — __________ — — 

Location — — -Machine Make 


Model Serial No. Type — 

Tube Type Serial No. __ Test Block No. 

Has radiation survey been performed to 

determine freedom from health hazards? Yes — No 


By whiom was survey performed? 
Date of last survey 


Selected Optimum D/T Ratio 

Material Maximum Thickness 


GOVERNMENT REPRESENTATIVES STATEMENT 

In your opinion, do you believe that peSoL 

facility is adequately ®q'^^PP®^.^”‘^/*qJ,-cification 
industrial radiography according o p 

>r TT TJ 1 1 *7 1 


Yes 


No 


Date " Signature 


Title 

Procurement District 

Remarks 


figure 


2. PART C 
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SUPPLEMENTAL DATA SHEET 


OPERATOR 


TEST DATA 


IDENTIFICATION 

2A 

2B1 

2B2 

2B3 


IH9 

3A 

POTENTIAL (KV.) 


im 

IHI 





CURRENT (MA.) 








EXPOSURE TIME 


HI 






TUBE TO PART DIST. (D) 








mmmmm 

IIH 

IHI 

Hi 





DA RATIO 








PENETRAMETER 








SCREEN MATERIAL 








SCREEN THICKNESS 

AT FILM: SOURCE SIDE 


■ 






OTHER SIDE 








DEVELOPER (BRAND) 








DEVELOPING TIME 








DEVELOPING TEMP 








FIXER (BRAND) 








FIXING TIME 






Hi 

■1 

WASHING TIME 

HI 

■1 






TYPE FILM (BRAND) 

IH 

■1 






NEGATIVE DENSITY 


■1 







FIGURE 2. PART D 
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8. Film and Solution Storage - Radiographic films must be stored 
in areas free from radiation and abnormal temperature. Solutions must 
be stored in areas not exceeding the temperature differential suggested 
by the manufacturer. 


Together with the above items^ particular attention should be given 
and subsequently reported concerning darkroom cleanliness and degree 
of orderliness. The inspector is reminded that evidence of poor dark- 
room practice has been the cause of many qualification rejections. 


— Interpretation Facilities - Every facility seeking quali- 

fication should provide a suitable area or room and equipment for view- 
ing radiographs. The area must be equipped with viewing equipment with 
ample bench or table space to facilitate ease of viewing and recording 
of inspection results. Radiograph storage files should be provided for 
adequately storing radiographs which may be referred to subsequently. 

A- Ra-diographic Facility Administration - The inspector should 
note whether a stan civilization system exists whereby radiographic 
techniques, identification, etc,, are consistent throughout the duration 
of a government contract. Incorporated in this system, should be a 
method of identifying components which have been inspected, 


Safety Requirements - Each facility desiring qualification 
should produce documented, authoritative evidence certifying that the 
radiation producing facilities have been surveyed and found to be free 
rom sti ay radiation which could affect the health of government per- 
sonnel In this way the inspector will feel confident that adequate safety 

government personnel in a 
contractor s facility is discussed in detail on page 167. 

fnllv examined in order to success- 

fully assess or evaluate one phase of the contractor's physical abilitv to 
produce acceptable production radiographs. ^ 

arranal^f!?^^ inspector can then proceed to 

men./de.mef^eSssa5y." ' 

Operative Test 
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related to the process can cause a doubt to arise as to the capability of a 
contractor to maintain the required radiographic quality under produc- 
tion conditions. Request for qualification should be refused unless the 
physical facilities are adequate. 


It is appropriate at this point to define the term ‘’operator’’ as 
cited in paragraph 3. 1, 3 of Specification MIL-R- 11470. The "operator’' 
is defined as any person whose duties entail responsibilities for making 
decisions which could influence the quality of the radiograph. A techni- 
cian operating under specific instructions without freedom to exercise 
independent judgment is not capable under this definition of influencing 
quality and need not qualify, However, a technician who selects his 
exposure factors is exercising independent judgment and must qualify. 
Dax*kroom technicians because they are bound by established technical 
routine are not required to qualify. The immediate (first line) super- 
visor of a radiogi'aphic installation is required to qualify. It has been 
the usual practice of contractors to seek qualification for several 
persons engaged in the conduct of the radiographic operation. A new 
employee will be required to qualify at such time as his duties within 
the radiographic unit justify qualification by virtue of the aforementioned 
definition, Determination of the need to qualify generally rests with the 
contractor; however, it is the prerogative and duty of the inspector to 
be cognizant of such conditions and to require qualification when the need 

is obvious. 


b Equipment Qualification - Theoretically, radiation produced 
by anfX-ray machine will peneUate any thickness of material and. if 
given sufficient exposure time a radiograph cou e o . 

tion radiographic inspection, however, could not afford the 
times whi?h might be required. The thickness of ^ 

X-ray machine is capable of radiographing is based primarily upo 
economics of inspection. Table I establishes what regained 

minimum voltages by which radiograp ly can ® P®^ must be followed 
able time for a given thickness of steel. This 

Cases have arisen where contractors have . . gnuipme^nt. 

thicknesses in excess of the reasonab e capaci y , commensurate 

The point aJ e^loyed in production radiography. 

rr^a^TstiJ in production work and should be 
discouraged for qualification purposes. 

, >• i’:iccpmpk°hea ro°:. ^ .h 

lower energy equipment is accompl determined as a lunction 

ing distance for a Mchine. Th d m„etrated in Figure 5. This 

of what IS termed the ratio oi a/t wuxw ^„„r.iviTicr the ffeometry of 

ratio of d/t is based upon P^y®gf^.^?QjJ5^qpality of a radiograph is related 

projection. The jnc We dA determination of each radia- 

directly to the working distance. aualification effort. The 

tion source a^°“' "eTablishe rt“e working distance to be used in the 

rp«SrquauLlti<fn portion of the test and also fixes the distance to 
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STEEL PLATE C 


FIGURE 5 



FILM PACKAGE 


SECTIOHAL VIEW 

. EXPOSURE 2A SET UP 
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production work. The optimum d/t ratio must be 

value each ^ 

distance thereb. qualified will be ope abated at an optimum working ^ 
larger ratios wfn''°'\ ^ radiogi^aphic definition. The use of 

in production. degrade radiographic definition and is permitted 

The fii’St exposure required is called 
radiograph is identified as 2 A (Figure 5). This 

cracked plate aTfh "" 1'”® a 30-inch distance as specified with a 1/8-inch 

mate -ill be calleSlSe Hereafter, the cLcked 

«cr^.e as a stanl^.lf!-! The purpose of this initial radiograph i. 

\\\ 


Hnr^re as a 's^tanl^/a The purpose oi this initial radiograph is 
^‘'‘^mification test Not''e°Zf Vb""® radiographs made during 

win uoVintpmve additional inci4ase in distaLe 

dofinition. Asstiminfjr significantly to better image 

''•‘‘■d exposure 2A 4 o m i '® correct radiographic technique has been 
n «‘><,uld ahso'be noted ttatThe'3^^' obtainable with the machine, 

with all other exposure facto- s i?"" only has been specified 

etc.., btiing left to the film type, screens, processing 

inemluired that a ne4?tvl \ qualification test. It should also be re- 

densily of radiograph 2ATiidYirotr' ^^Posnve 2A. The 

iieatiOM .should be held constant to ®^./.^^^^°8raphs produced for quali- 
deiiiiity ')f 1 . 2. b must be obtain erl evaluation. A minimum 

p<!riuil:(;i>c.i for qualification f•e. 5 ^ ’ cjiily source filtration which is 

UHU.t. No adclitiona ft rat inherent in the equip- 

l)J'HdO can be permitted bton ^ source and the subject (test 

‘lu.- 1.0 a present an effect which is not 

or altcrc'd after qualification. quipiunent and which could be removed 

val';. of the optl„„„oa 

tlK! v.'iliio.s and identification as outline’d in T'ahl’.°TV ‘'“‘’‘°8>.ai>hs using 
aaee witli .'Figure 6. Althouch Table tt •<•• H ^nd set up in accord- 

IH, tween Che film and the c tat plate t '^Wckness'- 

th.-il no Iniilalup plates are used and ther<.*’is effotdiveh. 
by the l /.i-lneh pfa.e C resting on lead ^up .^nr^ttb^ad sHe’id ' 
BegiUnniM With the l.rst exposure, 2B 1 , oVtho test sorier focal 
dihl,.ii,.„ IS progressively increased to 60 i..cl„.« r„,. e°s .. 
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"There should be a progressive improvement 
in image detail as the value of d/t is increased 
until a value of d/t is reached where further 

ceases to cause a detectable iinpiove- 
ment in image detail. For this value, the image 
detail should be essentially as good as that 
obtained in the comparison negative. The 
minimum value of d/t that gives image detail 
essentially as good as that obtained in the com- 
parison negative is to be considered the optimum 
value to be used in subsequent work with the test 
block and in production work. " 

The phrase "essentially as good" may be construed as meaning the best 
compromise between sharpness and working distance. Because the 
working distance is increased as the d/t ratio becomes greater for a 
given material thickness and because increased working distance will 
result in additional exposure time and is therefore an economic factor, 
the lowest ratio of d/t which is commensurate with reasonably good 
definition is selected, The range of the test and the degree of ratio 
change between steps have been chosen to facilitate the best compromise 
selection. Radiograph 2A will always be superior to the 2B test series. 
Radiograph 2B5 will always represent the best quality of the test series. 
What is being sought is whether or not the difference in quality between 
radiograph 2B5 and those of lesser ratio is of sufficient significance to 
justify increased exposure time in production. 

The educational benefit of this test is intentional and is an important 
factor of the qualification program. 

4. X-Ray Equipment Rated at 1000 KVF - According to the Specifica- 
tion MIL-R-11470, X-ray machines rated at 1000 KVP can be used for 
radiographing thicknesses of steel up to 7 inches. 

Determination of the working or focal distance for 1000 KV equipment 
using the procedure previously described for lower energy machines is, 
for reasons beyond the scope of this discussion, technically unsound and 
therefore is not required. The Specification states that, "the woidcing 
distance shall be not less than 60 inches for radiographing through metal 
sections up to 3 inches and as much more than 60 inches as is practicable 
when radiographing through sections greater than 3 inches." It is 
realized that the imposition of a 60 -inch distance can present difficulty 
in some cases. Due to changing radiographic technology it has been 
found that this distance may be shortened, without appreciably affecting 
t e radiographic quality. However, a 60-inch minimum distance must 
e maintained in 1000 KV radiography until amendment to the contrary 
’s promulgated. A waiver may be requested by the contractor and 
anted, by the cognizant Procurement District in instances where hard- 
D exists due to the specified 60-inch distance. The contractor should 
red to denionstra,te that his intended procedure will produce 
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SOURCE OF RADIATION 



STEEL PLATE C = l/B" 
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The focusing coil current applies to a particular type of X-ray machine 
which was the only 1000 KVP type of equipment available at the time of 
Specification preparation. It is stated in paragraph 3. 2, 3 of KdlL-R- 
1 1470 that, 'the current through the focusing coil shall be set at the 
values indicated by the manufacturer for the specific tube used. " Since 
the focusing coil current affects the size of the focal spot, the inspector 
should be familiar with the recommended values for surveillance pur- 
poses. 

5. Gamma Ray Equipment - Gamma radiography includes natural 
or induced radioactive isotope sources. It is necessary to determine 
the working distance for each source of gamma rays. A comparison 
negative is required and is identified as lA. This exposure is made by 
placing the source of gamma rays 30 inches from the top of plate C with 
the film package in intimate contact with the plate. The resulting nega- 
tive will depict optimum detail obtainable with the source of gamma rays 
being qualified. 

At this point it is necessary to discuss capsule arrangement, The 
capsule containing the radium salt or radioactive isotope usually is 
cylindrical in shape. The importance of capsule orientation must be 
understood by the inspector since improper capsule orientation will 
result in poor radiographic definition, Again quoting specification MIL- 
R-11470j it is stated that, 'In determining the optimum value of d/t the 
radium source shall be arranged with its longest dimension perpendicular 
to the direction of the radiation that passes through the center of the test 
block, except that where the radium capsule is a cylinder the diameter 
of which equals its length, all dimensions of the cylinder shall be re- 
garded as equal." The reasoning behind this requirement stems from 
the fact that the focal spot size of an isotope is equal to the physical area 
presented to the radiographic film, As in the case of X-ray machine 
sources, smaller focal spot sizes give the best definition, Thus, in the 
case of an isotope whose dimensions are not equals the smaller dimen- 
sion will give optimum radiographic definition. However, in this instance 
the intent of the specification is to examine the radiographic capability 
under the most adverse conditions; thus the longest isotope dimension 
is specified for qualification use, This means that the largest effective 
focal spot area must be employed. 
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Thickness of Steel 
to be Radiographed 

Machine Rating (Kilovolts) 

Not greater than 1” 

140 

Not greater than 2" 

200 

Not greater than 3" 

220 

1 Not greater than 3. 5" 

300 

Not greater than 4" 

400 


TABLE II 


Identification 
of Negatives 


Relationshi ps 

d = 15" t = 3. d/t = 5 

d = 30" t = 3. d/t = 10 

d = 40" t = 3. d/t = 13 

d = 50" t = 3. d/t = 17 

d = 60" t = 3. d/t = 20 


Identification 
of Negatives 


TABLE III 


Rela tionships 

with t = 5" make d = 2C 
with t = 2" make d = 2( 
t = l" make d = 11 
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TABLE IV 


ISOTOPE AND RADIUM ENERGIES 

Element 

Isotope 

Half-Life 

Approx, X-Ray 
Equivalent 
(MEV) 

Energy (MEV) 

THULIUM 

TM-170 

129 DAYS 

0. 1 

0.08-0.96 

IRIDIUM 

IR-192 

74 DAYS 

0. 3 - 0. 4 

0.10-0.60 

CESIUM 

CS-137 

26 YEARS 

0, 66 MEV 

0.66 

COBALT 

CO-60 

5.3 YEARS 

2 MEV 

1. 17-1. 33 

RADIUM 

RA-226 

1620 YEARS 

0. 7 MEV 

0. 2-2. 2 


MEV = MILLION ELECTRON VOLTS 
1 MEV SS 1000 KV 


TABLE V 


Metal 

50 

KV 

100 

KV 

150 

KV 



1 

MEV 



Gamma 

Rays 

Magnesium 

0. 05 

0. 05 

0. 05 

0. 08 




Aluminum 

Alloys 

0. 08 

0. 08 

0. 12 

0. 18 



0. 35 

Copper and 
Brass 


1.50 

1. 50 

1. 40 

1.40 ; 

i 

1, 25 

1. 10 


The values appearing in the above table represent approximate radi- 
ographic equivalence factors using 1 as a base for steel and are intend- 
ed solely for computation purposes in determining the steel thickness 
equivalence to be used for operator qualification. 
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ixi3,cle the conipsirisoii 3,nci test seiios r3,ciiogr3,phs j the optimum 
cl/t ratio must then be selected. This is accomplished in the same manner 
as previously outlined for X-ray machines rated at 4:40 KV or less. This 
established value will be used in computing the working distance for the 
operator qualification portion of the test and for all subsequent produc- 
tion radiography. 

c. Operator Qualifi cation - The operator attempting qualification 
is perrnitted to make a reasonable number of attempts to secure a radi- 
ograph which he feels is adequate for submission. The qualifying term 
"reasonable" may be construed in terms of the amount of time that the 
District inspector feels he is justified in spending to witness the effort. 
When the operator is obviously incompetent, it is recommended that the 
District inspector conclude activities and suggest additional training. 
Whereas no submission to AMRA would be made under these circum- 
stances, it is recommended that the District inspector document this 
attempted qualification for future reference in subsequent attempts and 
for use in establishing surveillance requirements. 

1. X-Ray Equipment Rated at 440 KVP or Less - Operators are 
qualified after the selection of the optimum working distance has been 
made. As previously explained, the operator is responsible for all 
aspects of the radiographic technique and process including the selection 
of the radiograph which is submitted for evaluation. The cognizant 
District inspector should withhold all comments until the test radiograph 
is submitted, whereupon he should evaluate it to screen out obvious 
causes for rejection prior to submission to AMRA. Such obvious causes 
might be processing errors, failure to follow prescribed requirements 
regarding working distance, penetranieters, etc., and unsatisfactory 
image quality. The District inspector should make note of any such 
difficulties as they are indicative of the capability of the contractor and 
the degree of surveillance required. 

The operator qualification test radiograph is identified as "3A. " The 
following steps are required to produce this radiograph; 

1. ^ Ascertain maximum thickness of steel which 
will be radiographed according to the prevailing 
contract requirements. 

2. Select sufficient thickness of plates from 
test block kit to construct the thickness required 
under 1 , Plate K must be included and positioned 
on film side, i. e., at bottom of lead shield. Cracked 
plate C must be included and placed at source side, 

i. e. , uppermost on plate stack. (See Figure 7) 

3. Select proper penetrameter and identification 
symbols and position on cracked plate. 
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4 Select correct film system, working distance 
(being guided by optimum d/t ratio), kilovoltage 
time, position setup and exposure. 

5. Process film. 


6. Evaluate with respect to adequacy of quality 
for submission, ^ 

detfnTo'fSe°'' paragraph 3. 1.3. 2 requires the image 
details of the penetrameter to be sharply defined. To assist the District 

peisonnel in appraising this condition the following explanation is offered- 
X ri ge detail is sharply defined when the outline of the penetrameter is 
iscernible and the 2T hole is identifiable without question as a round 
Ti,ff under normal conditions without the aid of magnification 

h! .o ol the crack image may be determined to a degrer' 

aLlifmatfl"® comparison radiograph taken under equipment ^ 

n. oiiect practical evaluation of the crack image by the 
contractor or the District personnel is not possible. This particular 
p ase of the qualification procedure is accomplished at AMRA by the 
use of standard radiographs of each crack image. ^ 

^ Equipment Rated at 1000 KV - Operator qualification using 

- y machines rated at 1000 KV is performed in essentially the same 
manner as the lower energy machines. However, two radiographs are 
required Note that no identification is cited for these two radiographs 
The penetrameter image will indicate thickness. Operator's initials are 
suggested as a basic identification and the working distance is established 
as a minimum requirement only. In addition, because of the greater 
possible thickness of steel to which qualification can be made (7 inches 
maximum), the effective shielding afforded by the test block kit is in- 
adequate. The operator is thus presented with the additional require- 
rnent of developing necessary shielding from secondary, scattered 

basis for requesting two test radiographs lies in the fact 
that two are needed to present the maximum of technical challenge. High 
energy radiography with the attendant lower contrast and greater shield- 
ing requirements render radiography of thin sections as difficult as that 
o t e maximum thickness. The selection of optimum working distance 
has been discussed previously. 
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3 Gamma Ray Equipment - Operator qualification for gamma radi- 
ograpliy is accomplished by pVoducing one radiograph. This test radiograph 
is identified as 2A. A steel thickness of 3/4 - inch is specified for all 
operator tests involving gamma ray sources. * 

The use of a single test exposure at a single established thickness is 
based upon the fact that the radiation from an isotope source is com- 
posed of a few specific energies rather than the spectrum of energies 
produced by an X-ray machine. Under these conditions the selective 
absorption of the test specimen with respect to radiation energy is of 
minor importance and the effect of subject thickness upon radiographic 
quality is lessened, Coincidentally^ however, the ability to detect 
flaws which is contingent upon contrast quality becomes critical due to 
the lack of the lower energy radiation. This effect is particularly prom- 
inent when the subject thickness is small. The selection of a 3/4-inch 
test specimen thickness is a compromise predicated upon the charac- 
teristics of the several induced isotopes, which are commonly used, 
and radium. 

The performance of the operator qualification test is similar in other 
respects to the requirements cited for machine X-ray sources. The 
operator is charged with selecting all factors of the radiographic ex- 
posure, The test subject must include plate C, positioned on the source 
side, and plate K positioned on the film side. Plate D and either plate 
E or J added to plates C and K will make the required 3/4-inch thick- 
ness. Identification symbols and a 3/4-inch type penetrameter must be 
employed. The operator alone should be required to determine if his 
radiograph is suitable for submission. 

Reporting of Test Results - The reporting of radiographic qualifica- 
tion test data must be accomplished in a systematic manner, with all 
pertinent information and details surrounding the test properly recorded 
This point must be emphasized, since evaluation at AMRA of any quali- 
fication test will be based solely upon the required radiographs and the 
technical data submitted. Supplemental data sheets have been developed 
for this purpose and it is strongly recommended that each district use 
them. These data sheets (see Figure 2) should be employed where ap- 
plicable, not only to facilitate reporting of essential technical data, but 


^'Thulium 170 is excepted from this requirement. The low inherent 
energy of this isotope (Table V) would make the radiography of 3/4-inch 
of steel a difficult task. Since Thulium 170 is used principally for light 
alloy and thin material radiography it is recommended that the operator 
qualification test be omitted (waived) and instead the capability of the 
operator be evaluated upon his ability to radiograph a subject similar 
to that anticipated in contract work, The equipment qualification phase 
of testing should be accomplished. It is suggested that the report of 
test to AMRA include the substituted radiographic test exposure with a 
statement of evaluation by the District, 
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also U) rl'liu-l. ;i deuriH' ol' .st.ind;! ■ 

shown in F^-urt* M ;tr<. Muitahhv for both X I’eporting, The sheets 

tion repo. -tin,;. The front ,n,to of each typ'e 7s s mftiillv"''' qualifica- 
tion poj-l.aimip,' 1.0 Iho followinir- - 5>entiaUy requires informa- 


tion rtiportiiij,. , 
tion porta iiiiip,. to iho following; 

of tho machine or source, 
Hadiation Hafcdy 


li. Holoctinl optimum d/t ratio 
tl , Ivlal.ci lal kind and (ihickiunss 


!). Fa.dlity roqiioMting (pialification 

(i. .Stalfinont of Govornmeiit Inspector 
7 . Krn ia rkii 


Ihc back m< ol ,,acli lorm requests information pertinent to the radi- 
Ofimphu- loi hiui^ und the name of the operator attempting 

qudhlu alum. I-,a<;li itmn in tlie data sheets should be completed U ^ 
posHibb*. I he radiographs and technical data sheets shoud be careful- 
ly p.u.kml Jor tr-insmittal sinco the condition in which the radiographs 
are v<!ccivcd at AMRA will affect evaluation. A brief cover letter and 

AMXMK^TMt;' 


.'iUHV i':il-,l,AN(; K O.F PR013UCTI0N ACTIVITIES 


Ihe laliln.lc of .Specification MIL-R- 1 1470 is sufficiently broad so 
that Hnrvmn.uu-e js permiHsible and highly desirable. No hard and 
fast Hurveilhmce progr.unti can be established which will fit each case, 
since each contractin’ and Hot type of work involved will necessarily 
dictate Hurvcillancc re<iuii’ement.s . The following recommended pro- 
cecluruN an* oltfU’fMl i(»r tho miidanco ot tho inspector: 


l. Prminclion ]danning pliase visit to insure cognisance or radiographic 
inspection pl.ui.s. A clue indicating the depth of the contractors inspec- 
tion pliui may be revealed by noting if provisions have been made for 
r e - r a d i o g r a p h y i t ft i re p air. 


<2. Vi.’ri itaiion shortly after beginning of production for purposes of 
noting impleinentalion of radiographic inspection plans. 

<1. riie Irequency of futuri? visitation,s maybe predicated upon; 

a. Product complexity 

b. Preciseness requirements 
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c. Production volume and rate 

4. Attendant factors which should be considered; 

a. Change in design which may necessitate a change in fabrica- 
tion methods and/or materials and thereby affect radiographic inspection, 

b. A change in radiographic personnel or equipment. 

5, The receipt of new contracts by vendors will require a review of 
existing qualification if a new product is involved. Such a situation would 
arise if a facility held a qualified status for thicknesses up to 2 inches 

of steel but were required to radiograph 2-1/2 inches by virtue of a new 
product. Requalification would of course be necessary. The Procuemen 
District inspector would also note the adequacy of the equipment in per- 
forming the radiography required for the new product, 

REQUALIFICATION REQUIREMENTS 

Requalification is required under any of the following conditions; 

a. Installation of a new tube in radiographic equipment previously 
qualified. Reference to this point is made in Paragraph page 142* 
Both operator and equipment should be requalified, 

b. Equipment and operators qualified to radiograph a given thick- 
ness would be required to requalify if this thickness were increased, 
Only operator qualification phase need be undertaken as the equipment 
characteristics are not affected, 

c. In such cases where qualification was revoked and it is desired 
to re-establish qualification^ complete requalification is required. 

d. In such cases where the Procurement District has reason to 
believe that requalification is advisable and in the best interest of the 
Government. For example, if the quality of radiographic inspection 
becomes substandard it may be desired to revoke existing qualification. 
The decision initiating this action is made by the cognizant District. 

e. Replacement of an isotope source will be assumed to require 
requalification. Qualification of the new source may be waived if it is 
identical in size, shape and type to that source which is being replaced 
and which was previously qualified. 

No requalification frequency is established and it may be correctly 
assumed that an original qualification remains in force so long as the 
quality of radiographic inspection is satisfactory and the need for radi- 
ography to Government Specifications prevails. The responsibility for 
determining the need for requalification lies wholly with the Districts 
which are in closest contact with contractors. It is recommended that 
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i-t'viouHly (lualifirfl iuHtallations be ^ 

cation hi' ovalnatiMl whonevor a period of rH requali- 

u »uit of nononf .■.oulraof.Kl taspluor.So'^l 

.A1)MINI..STRA.TIVE requirements 

J.]i() t ‘ ) n L r* I (,* t ( ) i* tilioiilil |i(' i 1 1 iVi I* > >"» /t /I j\ir ^>i * 

ily wlionld deal with AMR A in ol)tainin/inAn^"^^i^'^^°^' District 

ponding quaHfieation tent amtr- 1 ^’egarding the status 

.1- 'oi<' 

istrhd ha,H feltillal; a'tleplutie Pi’ocurement 

d AMRA winild prove he, leficiul. Direct telephone contact will be 

vfiv'i'.i ‘ I’oon ostiibUshed by the District and 

Jislncl , ,.|,r«s..nat,v„, monitors such conversations. Contact oj this 

“> IcchnlcU factors concerning radiography 


I’ators are 
spondence 


No cerMlK aiion lormn for contractors facilities or opera 

^ ■ AKtluA- ‘^if^^cdod by official cortsponcience 

tween AMR A and the cogui/.ant Procurement District. The qualifica- 

••^'«ociatod technical data sheets together 
th [), ( inent corrcspondcmce are kept on file at AM.RA, However ® in 

timuMl^ vadiographe and data sheets are 


iN'f i-;rim qualification 


riic ID'oeuritinent Dintrict may grant interim clearance (permission) 
f/'!!' n*" inspection. This action would be predicated upi 


Tin 
|)(; 

* i-.. , ii i » I wuLuu ua preciicaceci upon 

o fact that de.la y or mte r rnption of production would adversely affect the 
Hi in er, •Ml ol | be (lovennnent. However, interim clearance should be 
anted only on the basis tliat the technical ability of the contractor ap- 
ivrs to juHtily fiiu-h action. At the minimum, a contractor capability 
fvey s lonld b,- performed and prior record of performance, if any, 
llualetl, Preferalrly, the radiographic qualification test whould be 
rfoi'med tirst ami eviiluale<l by Di.strict personnel. Interim clearance 
►)uu! bij ivxitMpUon und not ciuitomfiry procGclure, 

QUAIJl'lCATION OF GOVERNMENT FACILITIES 

Although the radiograjihic. qualification of Government operated 
ilitiew is not specilied, it would be educational and beneficial for those 
ilities tt.» jitmd. the ,sami; .standards required of government contractors 
:h qualification is r«;c‘ommendiKl. 


WAIVERS 


The granting of waive r.s by the Districts other than those specifically 
scifiecl in MIX.-R- 1 D170, should be considered on a technical basis and 
y when proper justification by the contractor is provided. The burden 
proving the technical adequacy of procedures to be used under waived 
cumstanccH lies with the contractor. 
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TRAINING PROGRAM FOR QUALIFICATION PROCEDURES 

As part of the Metals Inspection and NondestructiveTesting Training 
Program conducted by "Watertown Arsenal, a special course in radi- 
ography is provided. The objective of this course is to provide ex- 
perienced metals inspection personnel with the knowledge of up-to-date 
radiographic techniques and to assist them in applying and intelligently 
interpreting radiographic specifications, standards and qualification 
procedures. While this course does not deal strictly with radiographic 
qualification, it is recommended for inspection personnel who are re- 
quired to administer the qualification test. Particulars and a training 
brochure are available. 

TECHNICAL ASSISTANCE 


Technical assistance by AMRA is provided on an "as requested" basis 
in the field of nondestructive testing to the Procurement Districts. 

QUALIFICATION OF METALS OTHER THAN STEEL 

The scope of Specification lMIL-R-11471 states that, This specifica- 
tion covers the procedure to be used in radiographic inspection of metals. 
Radiographic qualification therefore is not restricted to steel only* but 
must include other metals which, when specified, whould be subject to 
the full requirements of MIL-R-11470, It is recognized that the present 
qualification test has been designed primarily for steel. However, where 
radiography of metals other than steel is involved, radiographic equi- 
valence factors are employed to compute the equivalent thickness of 
steel for which qualification should be sought. In other words, if a 
thickness of 5 inches of aluminum is encountered in a government con- 
tract, qualification is accomplished by first selecting the approximate 
radiographic equivalence factor (see Table V) for aluminum based upon 
the kilovoltage to be employed. This factor is multiplied by the aluminurr 
thickness, the product of which gives the equivalent steel thickness. For 
example, qualification for 4 inches of aluminum is sought using 150 KV 
equipment. According to Table V the radiographic equivalence factor 
for aluminum at 150 KV is equal to 0. 12. This factor (0. 12) is multi- 
plied by the thickness (4 inches) which means that in the operator quali- , 
fication portion of the test, the block must be built up to 0. 48 or 0, 50 
inches of steel. This figure should be adjusted to the nearest 1/8 inch. 
Upon the successful completion of a qualification test conducted in the 
above manner, notification by AMRA to the District will state that the 
facility in question is qualified to perform industrial radiography up to 
and including a thickness of 4 inches of aluminum. Summarizing, the 
complete qualification test is performed according to Specification 
MIL-R-11470, but instead of normally using the thickness which will 
be encountered in the production contract for the operator qualification 
portion, an equivalent thickness of steel is employed which is radiographi- 
cally equivalent to the thickness of the production material. The machine 
qualification is conducted in the conventional manner. 
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It is the prerogative of the cognizant Procurement District to require 
that authoritative documented evidence be furnished by the Atomic Energy 
Commission (AEG), State Board of Health, or a qualified expert con- 
cerning the prevailing radiation safety conditions of a given private 
facility. This action should be taken prior to or during the initial visit 
by Government personnel. Such evidence should include proof that the 
facility has been surveyed and found to be free from ionizing radiation 
of a level sufficient to be harmful to personnel. In this way the District 
can assure itself that District personnel are relatively safe when 
conducting operations at these facilities. The qualifications of the 
facility should be posted stating whether the area is fully safe or condi- 
tionally acceptable and requiring special precautions such as radiation 
beam orientation or safe operating distances, etc. It should be noted 
also that standard safe operating procedures should be posted and must 
state that the radiation protection barriers have been constructed for 
the safe operation of all radiation sources that are being used therein. 
Any increase in radiation energy will require a resurvey to determine 
adequacy of the protective barriers. Radium should be handled in the 
same manner as radioactive isotopes even though radium does not re- 
quire an AEG license. Radium used for industrial radiography is 
potentially as hazardous as other radiation producing sources and should 
be used according to established standard safe operating procedures. 

An indication of an adequate radiation safety program is the wearing of 
personnel monitoring devices such as dosimeters and film badges by 
contractors radiographic personnel. In summary, X- and gamma radia- 
tion are invaluable inspection tools and are harmless to personnel when 
proper precautions are taken. Therefore, it behooves all Government 
employees to exert the necessary effort to assure their own safety by 
insisting upon safe practices by the contractor. It is recommended that 
the Distx’ict incorporate radiation safety in the indoctrination program 
for personnel concerned with radiographic inspection. 
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ATOMIC WEIGHT - The relative weight of the atom of an element, re- 
ferred to some element talcen as a standard.. An atomic weight of 16 
for oxygen is the one usually adopted as a basis for reference. 

AUTOTRANSFORMER - A special type of transformer in which the 
output voltage can be easily varied. The autotransformer is thus 
employed to adjust the primary voltage applied to the step-up trans- 
former which produces the high voltage applied to the X-ray tube. 

BACKGROUND RADIATION - Radiation coming from sources other than 
radioactive material, primarily due to cosmic radiation emitted fron 
outer space. 

BACKSCATTER - The deflection of scatter radiation at angles greater 
than 90° with respect to the original direction of motion. 

BARIUM CLAY - A molding clay blocking material containing barium, 
used to eliminate or reduce the amount of scattered or secondary 
radiation reaching the film. 

BETA PARTICLE - A small electrically charged particle thrown off by 
a radioactive disintegrating nucleus during its decay cycle. It is 
identical with the electron and possesses the smallest negative charg 
found in nature, 

BETATRON - A large doughnut- shaped accelerator in which injected 
electrons are whirled through a changing magnetic field gaining speei 
with each acceleration cycle. The betatron is a source of high speed 
electrons which can be made to impinge upon a target to produce X- 
rays or can be used for research purposes. 

BLOCKING (MASKING) - The various methods that are employed by 
radiographers to reduce or eliminate scattered i-adiation; for exampl 
masking with lead, barium clay, metallic shot, and liquid absorbers 

BUNSEN-ROSCOE RECIPROCITY LAW - States that the end result of a 
photochemical reaction is dependent only on the product of the radia- 
tion intensity (I) and the duration of the exposure (t), and is independ' 
of absolute values of either quantity. This implies that the resultant 
density of a film would depend only on the product of the radiation 
intensity reaching the film and the exposure time. 

CALCIUM TUNGSTATE - A fluorescent chemical compound which emits 
visible blue-violet light when activated by either X- or gamma radia 
tion. 

CASSETTE - A lightproof container used for holding the radiographic 
films in position during the radiographic exposure. It may or may 
not contain intensifying and/or filter screens. 
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ATHODE (FILAMENT) - The negative terminal or an X-ray tube 
v/hioh emits the electrons essential for the bombardment of the 
anode to generate X-rays. 

ATHODE RAY - A ray of electrons emitted by a cathode and projected 
in a beam. 

lESIUM 137 - A radioactive isotope of the element cesium having a 
half-life of 30 years, plus or minus three years. 

1HARACTER.ISTIC CURVE - A sensitometric curve expressing the 
relationship between the exposure applied to a photographic material 
and the resulting photographic density. 

OBALT 60 - A radioactive isotope of the element cobalt having a half- 
life of 5. 3 years and extensively used in research and as a source of 
gamma radiation. 

OLLIMATER - A device, usually made of lead, used to surround a 
radiation source and so constructed as to both minimize the scat- 
tered radiation and to direct and concentrate the primary or useful 
radiation into a more or less parallel beam onto a localized area. 

OMPTON EFFECT - The glancing collision of an X-ray or gamma 
ray with an electron resulting in a gain of energy for the electron. 

ONE - A lead diaphragm or cone placed on the tube head to concen- 
trate the X-ray beam conically on a limited area. These lead 
diaphragms are especially useful where the desired cross-section 
of the X-ray beam is a simple geometrical figure, for example, a 
circle, square or a rectangle. 

ONTRAST, RADIOGRAPHIC - The measure of diffei-ence in the film 
blackening resulting from various X-ray intensities transmitted by 
the object and recorded as density differences in the image. Thus, 
difference in film blackening from one area to another is contrast. 

ONTRAST SENSITIVITY - The degree of sharpness evidenced by the 
detail of the outline of the penetrameter . If the outline is clearly 
defined, the contrast sensitivity is referred to as 2 percent or better 

OUNTER - A device for counting nuclear disintegrations to measure 
radioactivity. The signal which announces a disintegration is called 
a count and is measured in counts per second (cps). 

URIE - A unit of measure to express the rate at which a quantity of 
radioactive material decays. It is that quantity of material in which 
3,70 X IQlO disintegrations per second are taking place, The rate 
of disintegration of 1 gram of radium (i. e, , radon in radioactive 
equilibrium with 1 gram of radium) was the original basis for the 
curie since its disintegration rate was approximately 3. 70 x 10^^ 
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per second, but the unit has now been standardized by an inter- 
national committee as any quantity of material having this decay rate. 

CUTIE-PIE - A colloquial term applied to a portable instrument 

equipped with a direct reading meter used to determine the level of 
radiation in an area, (See COUNTER) 

CYCLOTRON - A particle accelerator in which the atomic particles 
are whirled around in a spiral between the ends of a huge magnet 
gaining speed with each rotation. The cyclotron is normally used 
for nuclear research but the particles can be made to collide with a 
target to produce X-rays. 

d/t RATIO - The working distance for the X-ray tube in relation to the 
film distance. The working distance, d, and the specimen thick- 
ness, t, are both measured with reference to the source side of the 
specimen. 

DECAY, RADIOACTIVE - Spontaneous change of a nucleus with emis- 
sion of a particle or a photon. For a definite quantity of a nuclide, 
the rate of decay is usually expressed in terms of half-life. 

DECAY CURVE - A graph used in radioisotope radiography to deter- 
mine the compensation or correction for the exposure time based 
on the known half-life of the radioisotope being used. 

DEFECT - A discontinuity which affects the usefulness of a part, or c 
fault in any material which is detrimental to its serviceability, 

(See FLAW) 

DEFINITION, RADIOGRAPHIC - The degree of sharpness with which 
the radiograph outlines any discontinuities or abrupt geometrical 
changes. 

DENSITOMETER - An instrument that is used to determine the photo- 
graphic density indicated on a radiograph. 

DENSITY, RADIOGRAPHIC - The degree of blackening of a film is 
density. Film blackening or density is usually expressed in terms 
of the H & D (Hurter and Driffield) curve which is defined as the 
logarithm of the reciprocal of the transparency of the film. Black- 
ening equals log l/T (T = Light Transmission). 

DENSITY GRADIENT - The change in density of a radiographic film per 
unit change in the logarithm of the exposure received by the film. 

The maximum density gradient of a film is usually called gamma. 

DESENSITIZATION - An effect on the emulsion of a radiographic film 
caused by pressure of any type exerted on the emulsion prior to ex- 
posure, A desensitized area on a film is characterized by low den- 
sity in the affected area. 
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DETAIL - The degree of sharpness of outline of the image. If the 
radiograph does not show a clear definition of the object or a dis- 
continuity in the object^ it is of little value although it may have 
sufficient contrast and density. 

DETAIL SENSITIVITY -The radiographic definition or sharpness of de- 
tail as indicated by the drilled holes in a penetranaeter. The nor- 
mal penetrameter sensitivity level for an acceptable radiograph is 
generally spoken of as having 2 percent detail sensitivity. (The 2T 
of a drilled hole in a penetrameter of a thickness of 2 percent of 
the overall material thickness being radiographed). 

DIRECT CURRENT - An electric current which is termed unidirectional^ 
because it flows steadily in one direction. (See ALTERNATING 
CURRENT) 

DIRECT RADIATION - That portion of the primary radiation which 
passes through the material being radiographed in an undeflected 
form, 

DISCERNABLE IMAGE - Image capable of being recognized by sight 
without the aid of magnification; corrected vision excepted. 

DISTORTION - Any deviation from the normal shape of an object. 

DOSE - The quantity of radiation delivered to a specified mass or vol- 
ume, The dose unit of interest to the radiographer is the roentgen (r). 

DOSIMETER - An ionization chamber which is electrically charged and 
from which the amount of discharge in milliroentgens may be noted 
by the wearer as desired, actually, a ’’dose meter'^ which indicates 
the radiation dosage a person has received in a i^adiation area, 

DUPLITIZED FILM - Radiographic film which consists of a coating of 
photosensitive emulsion on both sides of the tinted cellulose acetate 
safety base. 

ELECTROMAGNETIC SPECTRUM - The wavelength range of the vari- 
ous forms of electromagnetic radiation, 

ELECTROMOTIVE FORCE (emf) - The work or energy which causes 
the flow of an electric current and expressed as volts. 

ELECTRON - One of the fundamental constituents of atoms. T^^ 
tron is a very small negatively charged particle with a rest 
approximatelv 1/1836 that of the hydrogen atom^ or 9. 107 x 
It has an electric charge of 4, 802 x 10^0 statcoulomb (the el 
static unit of charge). Electrons appear to be uniform in m 
charge. 
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ELECTRON VOLT - A small unit of energy expressed as "ev". An 
electron gains this much energy when it is acted upon by one volt. 

ELECTROSTATIC GENERATOR - A type of generating equipment which 
supplies high voltage by static negative charges conveyed mechani- 
cally to an insulated electrode usually by means of a rotating belt. 

ELEMENT - A class of atom having a particular atomic number as its 
distinguishing characteristic. Also, a substance having atoms of 
the same atomic number, or a naturally occurring mixture of isotopes 
Oxygen, carbon, and uranium are examples, 

EMULSION - The gelatinous substance in which is dispersed fine grains 
of silver halide crystals used to coat the cellulose acetate base of 
an X-ray film. 

ENERGY, RADIOGRAPHIC - The characteristic that determines pene- 
tration and absorption of radiation. It is generally measured in 
thousands or millions of electron volts - kev or mev. 

ENLARGEMENT - See MAGNIFICATION 

EQUIVALENCE FACTORS - What the thickness of a given metal is to be 
multiplied by to obtain the approximate equivalent thickness of a 
standard metal. (The standard metal is aluminum up to 100 kilo- 
volts and steel for higher voltages and gamma radiation, ) 

EVALUATION - Determining whether the flaws or discontinuities as 
indicated on a radiograph are cause for rejection of the part, or 
whether the part is either repairable or can be used as is. 

EXPOSURE CHART - A graph showing the relation between material 
thickness, kilovoltage, and exposure. It is only adequate for de- 
termining exposure time for uniform thicknesses of material. 

EXPOSURE FACTOR - A quantity that combines milliamperage or 
source strength, time, and distance. Numerically, the exposure 
factor for X-rays equals the product of the milliamperes and time 
divided by the square of the distance. For gamma rays, the expo- 
sure factor equals the product of the millicuries and time divided 
by the square of the distance. 

EXPOSURE - The product of the X-ray intensity in milliamperes and 
the time in seconds or minutes which governs the photographic den- 
sity of a radiograph. For radioactive sources, the product of curies 
or millicuries and the time in minutes or hours. 

FAST FILM - Radiographic film which has inherent graininess charac- 
teristics of a coarse nature intended to increase the relative film 
speed. (See RELATIVE SPEED,) 
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FILAMENT - See CATHODE 

FILM BADGE - A piece of masked radiographic film worn in the form of 
a badge. The amount of exposure can be checked by the degree of 
darkening apparent after processing the film. 

FILM CONTRAST - The degree of contrast contributed by the graininess 
characteristics of the radiographic film itself. A fine grain film 
generally results in a high contrast and a coarse grain film in a low 
contrast. 

F'ILM SPEED - A relative term expressing the difference in exposure 
times required to radiograph the same object and obtain similar re- 
sults using different types of X-i-ay film. 

FILTER - A layer of absorptive material which is placed in the beam of 
radiation for the purpose of absorbing rays of certain wave lengths 
and thus control the quality of the radiograph, 

FILTRATION, FILM - The filtering effect provided by lead foil intensify- 
ing screens to reduce scatter or secondary radiation. The longer* 
wavelengths of the scatter or secondary radiation are absorbed by the 
lead, and the resultant definition on a radiograph is greatly improved. 

FILTRATION, INHERENT - The filtration due to the walls of the X-ray 
tube and other materials used to contain a radiation source through 
which the radiation must pass before it is utilized. 

^I^TRATION, tube HEAD - A process wherein the use of an absorp- 
tive filter, such as copper, placed at the tube head, reduces excessive 
subject contrast by hardening the radiation. This tube head filtration 
absorbs the longer wavelengths and only allows the shorter wave- 
lengths to pass through. 

FIXING - The procedure in film processing that removes all of the un- 
developed silver salts of the emulsion from the surface of the film, 
thus leaving only the developed latent image. 

FLAW - An imperfection in an item or material which may or may not 
be harmful. (See DEFECT.) 

FLUORESCENCE - The emission of electromagnetic radiation by a sub- 
stance as the result of the absorption of electromagnetic or corpus- 
cular radiation having greater unit energy than that of the fluorescent 
radiation. Fluorescence is characterized by the fact that it occurs 
only so long as the stimulus responsible for it is maintained. The 
characteristic X-radiation emitted as a result of absorption of X-rays 
of higher frequency is a typical example of fluorescence. 

FLUORESCENT SCATTER - Long wavelength monochromatic radiation 
given off by the specimen in all directions when struck by primary 
radiation. 
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FLUORESCENT SCREENS - Intensifying screens composed of fluore- 
scent salts (e. g, , calcium tungstate), which emit a visible blue- 
violet electromagnetic radiation when activated by the absorption of 
the primary rays, thereby reducing the exposure time. 

FLUOROSCOPY - The visual presentation of an X-ray image on a 
fluorescent screen, 

FOCAL- FILM DISTANCE - The distance between the focal spot of an 
X-ray tube or radiation source and the film, generally expressed in 
inches . 

FOCAL SPOT - The area on the target which receives the bombardment 
of electrons and emits the primary radiation necessary to produce an 
image of the object on a radiographic film. 

FOGGING - A darkening of a film which can result from the chemical 
action of a developer, aging, scattered secondary radiation, pre- 
exposure to radiation, or exposure to visible light, 

FREQUENCY - The number of completed cycles per unit of time, for 
example, 60 cycles per second, 

GAMMA RAYS - Electromagnetic radiation of high-frequency or short 
wavelength emitted by the nucleus of an atom during a nuclear re- 
action. Gamma rays are not deflected by electric or magnetic fields. 
They are identical in nature and properties, to X-rays of the same 
wavelength. 

GEIGER COUNTER - A gas-filled electrical device which detects the 
presence of radioactivity by counting the formation of ions. 

GELATIN - See EMULSION 

GEOMETRIC FACTORS - The factors governing the gometry of a part 
insofar as the proper working distance is concerned. The proper d/t 
ratio preserves spatial relationships, prevents enlargement, and re- 
duces distortion. 

GRAININESS - A film characteristic which consists of the grouping or 
clumping together of the countless small silver grains into relatively 
large masses visible to the naked eye or with slight magnification. 

HALATION - The fogging of a film emulsion due to reflection and dis- 
persion of the radiation within the emulsion. This is generally ap- 
parent at locations of heavy exposure, 

HALF LIFE - The time required for the intensity of a radioisotope to 
• be reduced to one-half of its original value. 
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thickness of a material which transmits 
50 percent of the radiation incident upon it. In exponential attenua- 
tmn, the half-value layer, is related to the linear attenuation coef- 
ficient and the mean free path. 

HARDENER - An agent incorporated into the fixer solution to harden the 
emulsion during the fixing process. The acid hardener prevents the 
swelling of the emulsion and facilitates the drying proceL. 

'HARD ’ X-RAYS - A term used to express the quality or penetrating 

power of X-radiation. Hard X-rays are very penetrating ISpp 
QUALITY and SOFT X-RAYS.) 7 penetiating, (See 

TAZINESS - See FOGGING 

I & D CURVE (Hurter and Driffield) - See CHARACTERISTIC CURVE 

JIGH CONTRAST - Photographic densities that are very dark in contrast 

caused by the geometry of the object being 
1 adiographe d and indicatod on the radiograph. 

IIGH INTENSITY ILLUMINATOR - A variable intensity type of illuminator 
which is capable of penetrating densities as high as 4. O^or any lower 
density that may be represented on a radiograph. 

W- MOTION _j^DIOGRAPHY - A method in which either the object being 

radiographed or the source of radiation is in motion during the ex- 
posure, ^ 

'ITENSIFYING FACTOR - The ratio of the exposure using intensifying 
screens to the exposure without the screens that produces the same 
photographic density on a radiograph. 

^TENSIFYING SCIIEENS - Any layers of material used in combination 
^ e the exposure time by means of intensification 

o he primary radiation (e. g. , lead foil and calcium tungstate screens). 

WVERSE SQUARE LAW - At constant kilovoltage or source strength 
the intensity of the radiation reaching the object is governed by the 
distance between the focal spot or radioactive source and the object 
varying inversely with the square of this distance. 

3N - A particle bearing an electric charge which is formed 
neutral atom, or molecularly bound group of atr—- 
One or more electrons. Loss of electrons resu 
charged particles called cations; gains of elect 
or negatively charged particles. Ions, in rac 

action of radiation on gas molucules. mis pnenomenuu 
Hr, importance when using ionization chambers for radia- 

tion detection, and when trying to eliminate air ionization in the Xero- 
radiographic process. 
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IONIZATION CHAMBER - A device roughly similar to a Geiger counter 
and used to measure radioactivity, 

IRIDIUM 192 - A radioactive isotope of the element Iridium which has 
a half life of 7 5 days. It is used extensively as a source of gamma 
radiation. 

ISOTOPE - One of several nuclides having the same number of protons 
in their nuclei, and hence belonging to the same element, but differ- 
ing in the number of neutrons and therefore in mass number. Small 
quantitative differences in chemical properties exist between elements 
and isotopes, (See NUCLIDE,) 

KILOCURIE - A unit of radioactivity equal to 1, 000 curies. 

KILOVOLT (kv) - A unit of potential or electromotive force equal to 

1,000 volts. The voltage governs the penetrating quality of the radia- 
tion; the higher the voltage the more penetrating the radiation. 

KILOVOLT PEAK (kvp) - The crest value, peak, or highest point of the 
voltage wave form that is applied to the X-ray tube. 

LATENT IMAGE - The metallic silver image of the material radiographed 
brought out by the developing process. 

LATITUDE, RADIOGRAPHIC - Latitude, most closely aligned with con- 
trast, is commonly called the "scale” of the film. Latitude is the 
range of thickness of material that can be transferred or recorded 
on the radiograph within the useful reading range of film density, A 
high contrast film has little latitude and conversely a low contrast 
film has great latitude, 

LINE FOCUS PRINCIPLE - The process of making the angle between the 
anode face and the central ray such that the effective focal spot is 
small in relation to the actual spot size. 

LINEAR ACCELERATOR - An apparatus used to accelerate electrons 
to high velocities by means of a high frequency electrical wave travel- 
ing along a tube in the linear direction of the electron beam. 

MAGNIFICATION - The degree of enlargement of an object that is not in 
intimate contact with the film arid screen. It includes the enlargement 
of those parts of the object furthest from the film. 

MASKING - See BLOCKING 

MASS ABSORPTION COEFFICIENT - The linear absorption coefficient 
divided by the density of the material; generally recorded in tables 
for the different elements, 

MICROAMPERE - A unit of current equal to one one-millionth of an 
ampere. 
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IICRORADIOGRAPHY - The radiography of objects or specimens that 
are only a lew thousandtha o£ an inch thick. A regular radiograph L 
first made on fine gram film and then enlarged as much as 300 times. 

ilLLI - Prefix meaning one one -thousandth: e. 0 a miiH-ieca rn 1 
one one -thousandth of a rad. ^ ^^^ii^rad equals 

tOTECULE - When atoms combine they form a molecule. In the case 
of an elemen or compound, a molecule is the smallest unit which 
still retains the chemical properties of the substance in masi 

[ONITOR - A radiation detector used to determine if an area is safe 
for personnel, e-die 

OTTLING - Large graininess effect on a radiograph caused bv the use 
Of fluorescent intensifying screens. Readily distinguishable from 

EUTRON - An uncharged particle of the nucleus of an atom whose mass 
IS very nearly equal to but slightly greater than the mass of a proTon 

central part of an atom in which most of the mass 
and the total positive electric charge is concentrated. With the ex- 
cepUon of the nucleus of hydrogen, nuclei are composed of protons 
and neutrons. The charge of the nucleus, an integral multiple of the 

charge of the electron, is the essential factor which distinguishes one 
element from another chemically. i-inguisues one 

JCLIDE - A species of atom characterized by the constitution of its 
nucleus! the numbers of protons and neutrons in its 

^Ibso?b^^n™a«er^\® conversion of very high-energy photons, when 

The electr caV^SelH of ^ ^ process wherein the photon is converted in 
the electrical field of a nucleus into an electron (negative charge) and 
a positron (positive charge). S cnaige; and 

INETRAMETER., RADIOGRAPHIC QUALITY - A piece of metal of thn> 
same composition as that of the metal being tested, representing a 
percentage of object thickness and provided with a combination of 
steps, holes or slots. When placed in the path of the radiation its 
image provides a check on the radiographic 'echnique employed 

Unrth^^Th^h- as determined by the wave- 

becinee of Ih^fh^t penetrating the radiation 

decause of the shorter wavelength rays employed. 

NUMBRA - The shadow cast when the incident radiation is partly 
u no wholly, cut off by an intervening body; the space of partial 

Jhe7u‘iriirt'’Tm? shadow,^n aU ^MerLd 

g . marginal region or borderland of partial obscurity. 
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PHOTON - An electromagnetic packet of radiation, It has a dual 

character, acting sometimes like a particle and at other times like 
a wave. Photons all have equal velocity (the speed of light), have 
no electric charge, and have no magnetic moment. 

POSITRON - A fundamental particle of nature having a mass equal to 
that of the electron and possessing a positive charge equal to the 
negative charge of the electron, 

PRIMARY RADIATION - Radiation coming directly from the target of 
an X-ray tube or from a radioactive source. 

PROTON - An elementary particle of nature having a mass of 1. 00758 
atomic mass units (1 atomic mass unit equals 1,66 x 10"24 gj-n) and 
possessing a positive charge of the electron (4,802 x 10" 10 statcou- 
lomb). The mass of the proton equals the mass of the hydrogen atom 
less one electron. The proton is one of the constituents of all atomic 
nuclei. 

QUALITY, RADIATION - An expression relating to the penetrating power 
of radiation. It is a function of the wavelength of radiation. The higher 
the X-ray tube voltage, the shorter the wavelength radiation produced 
and hence the more penetration, or greater the quality, of the X-rays. 
(See also HARD-RAYS and SOFT-RAYS), 

RAD - A unit of absorbed radiation dose. It is defined as the dose cor- 
responding to the absorption of 100 ergs per gram of irradiated 
material. 

RADIOACTIVE DECAY - The spontaneous nuclear disintegration of a 
material. It occurs on an atomic scale by the loss of subatomic 
particles (i.e. protons, neutrons, electrons, etc.), (See HALF- 
LIFE, RADIOISOTOPES, and RADIOACTIVITY). 

RADIOACTIVITY - Spontaneous nuclear disintegration with emission of 
corpuscular or electromagnetic radiations. The principal types of 
radioactivity are alpha disintegration, beta decay (electron emission, 
positron emission, and electron capture) and isometric transition. 

RADIOGRAPH - A photographic record produced by transmitting radia- 
tion through material and recording the soundness characteristics of 
the material on film especially made for this purpose. 

INTERPRETATION - The determination of the cause 
ce of subsurface discontinuities indicated on the radi- 
±ne evaluation as to the acceptability or rejectability of the 
material is based upon the judicious application of the radiographic 
specifications and standards governing the material. 

RADIOGRAPHIC QUALIFICATION TEST - A procedure for determining 
the optimum value of the d/t ratio, or the proper working distance 
of an X-ray tube or a radioactive source. 
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radiographic technique - The selprHr^T, t-u 
factors soch as kUovoltage, milUampera.s 

distance and exposure time as to ^ screen, 

sensitivity. ^ possible radiographic 

RADIOGRAPHY - A nondestructive testing method wherein a souvpf:. f 

^;ro?i;4u^^rt:rTaL°: 1 ““rraL':.‘rfio:!r 

t^rr^Xa^H^ specially prapar^rfurc'alled 

b^hTplata'rSeirof're ‘rt^HaUra tSe'f P- 

barding it with neutrons. (See ISOTOPe" reactor and bom- 

'^uL^of ;b1uri72o“;earr"lj?s Srt"o'r‘^“ d-""'?' 

although generally found in the sanS ore” * 

RADON - A radioactive gas emitted during the disintegration of th^ 

“^aa®^“SIiPo;nVars‘perrour".'^ris“^^^^^^ 

fields and measuring the exposure rate. ® radiation 

""^aSStg wat"?ornt1nT‘a‘ uL^t 

Signed a value of 100. ^ ^ aioitiaiily as- 

lEM (RAD OR ROENTGEN EQUIVALENT IvfANl Ti,« u ^ , 
in rads nrultiplied by the relative brologl^l'^ianc^enesstRBErof 

Th\ REM Mo!ogical7;s;rirraSated°' 

systems ‘='*rrentiy accepted unit of radiation dose to biological 

ffranJit“oF;ifs!^^f^1;.::rsig„”Tfe 

iTs‘rr=,-Er“ "» ••■ 
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AFELIGHT - A special lamp used in the darkroom to provide working 
visibility without affecting the photosensitive emulsion of the radi- 
ographic film. 

;CATTER - One of the causes of haziness or fog. Some of the incident 
radiation is scattered by atomic electrons of the object being radi- 
ographed much as light is dispersed by fog. Any material, whether 
specimen, cassette, table top, walls, floors, etc., receiving direct 
radiation, is a source of scattered radiation. 

JCATTER, MODIFIED- A scattering process within the material whereby 
the original X-ray photon collides with an electron comprising the 
material with a resultant increase in wavelength. 

JCATTER UNDERCUT - A type of secondary radiation evidenced with 
X-ray machines of limited kilovoltage up to 400 Kv, wherein the ex- 
nosed areas of a radiographic film tend to become hazy or foggy. 
Parts which do not make intimate contact with the film and screen, 
or parts containing holes or deeply recessed areas are also sources 
of undercut scatter. Radiographs of such parts will show haziness 
in the image detail unless effective masking techniques are employed, 
especially when fluoure scent type screens are used in making the 
exposure. 

>CATTER, UNMODIFIED - A scattering process within the material 
being radiographed, produced from the collision of the original X- 
ray photons with electrons within the material, with no resultant in- 
crease in wavelength. 

5CINTIDLATION COUNTER - A device for counting atomic particles by 
means of tiny flashes of light (scintillations) which the particles pro- 
duce when they strike certain crystals. 

>EI-jF- ABSORPTION - Gamma ray emission from large sources wherein 
the gamma radiation emitted from the center of the source will be 
appreciably absorbed by the outer layers of the source material. 

SENSITIVITY - The percent ratio of the thickness of the smallest detect- 
able defect to the thickness of the material being radiographed. 
Sensitivity is a measure of the capability to detect small discontinui- 
ties and, therefore, it involves detail, contrast and density. 

3ENSITOMETRIG CURVE - See CHARACTERISTIC CURVE. 

SHARPNESS - See UNSHARPNESS. 

jHIEXjDING - Absorptive barriers interposed between a source of radia- 
tion and work areas to reduce the intensity of the radiation field to 
permissible w'orking levels. Concrete or heavy metals such as lead 
are commonly used for this purpose. 
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SLOW FILM " Radiographic film that has an emulsion composed of fine 
or very fine grains characteristic of a slow relative speed film. 

SOFT X-RAYS - A term used to express the quality or penetrating power 
of X-radiation; their penetrating power is relatively light. 

SOURCE - The origin of radiation; an X-ray tube or a radioisotope. 

SOURCE- FILM DISTANCE - The distance between the focal spot of an 
X-ray tube or radiation source and the film; generally expressed in 
inches . 


SOURCE SIZE - The diametrical dimension of a radioactive isotope 

commonly referred to as the isotope focal spot. The actual physical 
area of the radioisotope constitutes the focal spot size regardless of 
the geometry of the radioactive source. 

SOURCE STRENGTH - A term referring to the current value expressed 
in milliamperes or microamperes. It also refers to the strength of 
radioisotopes and radium in curies or millicuries. 

SOURCE-WORK DISTANCE - The distance measured from the focal 
spot of a radiation source to the adjacent or nearest surface of the 
material being radiographed* 


SPECIFIC ACTIVITY - Expressed in curies per gram of material or 
aotiTity per unit weight (see CURIE). It is particularly pertmen to 

radioisotopes for radiographic applications. t uioher ^ 

allows the use of a small volume of a given isotope to obtain highe 

quality radiographs in a given exposure time. 

STANDARD. RADIOGRAPHIC - Documents that es 

and technical limitations and applications for limits 

Comparison radiographs of flaws or discontinuities picturing limits 

of acceptability. 

STEPPED WEDGE - A ^ 

meters on each step, for the in p stepped wedge must be 

Sadfo Sertal TaZgr%*Lally’'sitnilar to that being radiographed. 

®^°arr!s1fng t\tat!“;rof“rp 

:r^)^c?ed Lihf Sr” 

Ugtt JoV:S 

for 1 /2 inch steel or its equivalent. 
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?IME- TEMPERATURE COMPENSATION TABLE - A table which indi- 
cates the necessary compensation required in case the developer 
temperature drops below or rises above 68°F. More development 
time is required if the temperature of the developer solution drops, 
and less time is necessary if the temperature rises. 

?WO-FILM TECHNIQUE - A procedure wherein two films of different 
relative speeds are used simultaneously to radiograph both the thick 
and the thin sections of an item, 

JMBRA - See PENUMBRA. 

rNSHARPNESS, RADIOGRAPHIC - The width of the band of density 
change on the image of a sharp edge. 

VAN DE GRAAF GENERATOR - An electrostatic type X-ray generator 
in the million and multi-million volt category. 

WAVELENGTH - One wavelength is the distance from a given point on 
a wave to the next corresponding point. By "corresponding point" is 
meant the point where the wave has the same amplitude and where 
displacement is in the same direction. 

WETTING AGENT - In film processing, a chemical additive to the final 
water rinse to promote complete wetting of the film, thus assuring 
adequate washing away and neutralization of the prior processing 
solutions and prevention of water spots during the drying cycle. 

XERORADIOGRAPHY - Radiography, in which a Xerox plate (i. e. , 
generally a photosensitive, selenium coated aluminum sheet) is sub- 
stituted for the usual X-ray film, 

X-RAYS - A form of radiant energy resulting from the bombardment of 
a suitable target by electrons produced in a vacuum by the application 
of high voltages. X-rays have wave lengths between 10~^1 cm and 
10“O cm. on the electromagnetic spectrum. 

X-RAY TUBE - A glass vacuum tube which contains a hot cathode that 
emits the electrons, and an anode which decelerates the high velocity 
electrons and produces X-rays. 

iIRCON SAND - A highly absorptive material used as a blocking or 
masking medium for drilled holes, slots and highly irregular geome- 
tric parts to reduce or eliminate scattered radiation. 

.-2T iyi.DIOGRAPHY - Quality level of radiography in which the finished 
radiograph displays a discernable image of a penetrameter hole that 
as a diameter equal to twice the penetrameter thickness. The 
penetrameter thickness equals 2 percent of the material thickness. 

-2T RADIOGRAPHY - Quality level of radiography in which the finished 
radiograph displays a discernable image of a penetrameter hole that 
has a diameter equal to twice the penetrameter thickness. The 
penetrameter thickness equals 3 percent of the material thickness. 
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